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EARTHQUAKE HAZARDS REDUCTION ACT 
REAUTHORIZATION 



TUESDAY, MARCH 19. 1985 

U.S. Senate, 
Committee on Commerce, Science, and Transportation, 

Subcommittee on Science, Technology, and Space, 

Washington, DC. 
The subcommittee convened, pursuant to notice, at 10:08 a.m., in 
room SD-G50, Hussell Senate Office Buildii^, Hon. Slade Gorton 
(chairman of the Bubcommittee) presiding. 

Staff members assitaied to this hearing: David Cheney, profession- 
al staff member zind Pat Windham, minority professional staff. 

OPENING STATEMENT BY SENATOR GORTON 

Senator Gorton. The meeting will please come to order. 

Just 16 days ago, a major earthquaike struck Chile euid reminded 
us of the awesome destructive power of earthquakes. It killed 176 
people emd injured nearly 2,500. More than 370,000 people were left 
homeless. 

The same hazards are present in the United States. The earth- 
quake the geolt^ts give a 50-50 chance of striking southern Cali- 
fornia in the next 30 years is likely to be the most devastating 
event on U.S. soil since the Civil War, possibly causing 20,000 
deaths and $50 billion in damages. An earthquake in the Puget 
Sound area could cause 10,000 casualties and leave 20,000 home- 
less. 

Eeuthquakes are not only a west coast problem. Elarthquakes in 
the Central and Eastern United States are less frequent but poten- 
tially even more damaging than earthquakes in the West, "niirty- 
nine States and 70 million people in the United States are exposed 
to at least moderate earUiquake hazards. 

There is potential still largely unfulfilled of drasticeilly reducii^ 
the damages from earthqu^es. In 1975, the Chinese successfuUy 

fredicted an earthquake and evacuated the city of Halcheng some 
hours before the city v/aa destroyed. Some people estimate the 
prediction saved 100,000 lives. Eighteen months later, an unpredict- 
ed earthquake struck the unprepared city of Tangshan and killed 
over 240,000 people. These two events illustrate the potential of re- 
ducing damages from earthquakes — and the tragedy of failing to do 
so. 

In 1977, Congress passed the Earthquake Hazards Reduction Act 
to establish a coordinated Federal program to reduce the hazards 
posed by earthquakes. In today's authorization hearing, we wzmt to 
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review the prt^ess made under the National Earthquake Hazard 
Reduction Program and determine if changes need to be made. 
This morning we will receive testimony from representatives of the 
four Federal agencies conducting activities under the Earthqueike 
Hazards Reduction Act as well as from two outside experts. 

In previous years the committee has been concerned about the 
management and coordination of the program by the Federal 
Emergency Management Agency, and we look forward to hearing 
about the progress that has been made. We will also be examining 
the 1986 budget. We are edl aware of the current budget limita- 
tions, but we must be careful that cuts of a few million dollars do 
not cost us many lives and billions of dollars after an earthquake. 

Senator Gore, do you have a statement? 

OPENING STATEMENT BY SENATOR GORE 

Senator Gore. I am pleased to participate in this hearing on the 
Earthquake Reduction Act. 

Assisting States and localities to prepare for the possibility of 
earthquakes is an important Federal task and the Earthquake Re- 
duction Act is the centerpiece of the Federal effort. Through the 
establishment of the National Earthquake Hazards Reduction Pro- 
gram, the act aspires to bring about a coordinated effort among 
several Federal agencies to help minimize the potentially disas- 
trous consequences of earthquakes. 

Last year, as a Member of the House of Representatives and 
chairman of its Science and Technology Subcommittee on Investi- 
gations and Oversight, I chaired two hearings on earthquakes in 
the Eastern United States. A great deal of attention has been paid 
to earthqusikes in the Western United States, but it is only recent- 
ly that careful study has been made of the cause and effects of 
eastern quakes. 

On the average, a damaging earthquake occurs in the Eastern 
United States every 25 years. A serious quake occurs once every 
50-100 years. The largest earthqueike ever recorded in the 48 con- 
tiguous States occurred near New Madrid, MO, in 1811. That quake 
had a magnitude of 8.7 on the Richter scale, and it is claimed that 
the shock waves from it rang church bells in Boston. Other large 
quakes have occurred in Charleston, SC, in 1886, and in the Boston- 
New York area. 

I have a particular concern in this matter because west Tennes- 
see and the city of Memphis — the largest city in Tennessee — He ex- 
tremely close to the New Madrid fault line. An earthquake similar 
to the 1811 quake could cause a tremendous amount of damage to 
that area. 

Fortunately, the people of Memphis are well aware of the possi- 
bility of a m^or earthquake and are taking steps to prepare for it. 
For example, numerous public education efforts have been conduct- 
ed. Just last month, in fact, the city sponsored an "Earthquake 
Awareness Week," and later this month, a major conference on 
earthquakes will take place in Memphis. Steps are also being taken 
to ensure that buildings are made "earthquake proof." Moreover, 
the Elarthquake Information Center located at Memphis State Uni- 
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versity does an excellent job of monitoring earthquake activity in- 
the r^on and keeping the public informed. 

A significant step in addressing earthquake preparation in the 
Eastern United States was taken in April 1984 when the Federal 
Emergency Management Agency announced the funding of a Cen- 
tral United States Earthquake Consorium. The member States of 
the consortium are Tennessee, Arkansas, Illinois, Indifina, Ken- 
tucky, Mississippi, and Missouri. The consortium has established 
an earthquake monitoring center and is in the process of develop- 
ing a 5-year quake preparedness plan. I am anxious to hear from 
the FEMA representative here today about the progress of that 
effort. 

Mr. Chairman, in my comments I have focused on earthquakes 
in the Eastern United States. This is not because I am not con- 
cerned about quakes in the Western States, but rather because I 
worry that not enough attention is being given to eastern earth- 
quakes. As a Member of the House, I sought to h^hlight this defi- 
ciency in our Federal earthquake program, and I hope to continue 
to do so as a member of this subcommittee. I eun pleased that this 
is one of the questions to be addressed at this hearing. 

Senator Hollings has a conflicting schedule and could not be here 
in person, but has asked me to insert his statement in the record. 

[The statement follows:] 

Opening Statement by Senator Holungs 

Mr. ChairmBn, recent events have demonstrated just how hazardous earthquakes 
are and how important it is that we do all we can to minimize the dangers they 
pose to life and property. An earthquake in Chile earlier this month killed scores of 
people and caused billions of dollars in property damage. Less than two years ago, 
residents of Coalinga, California, watched in horror as a series of earthquakes re- 
duced their town to rubble. Damage was in the hundreds of millions of dollars. 

By one estimate, the world's earthquakes now kill an average of 40,000 people a 
year. We now know that they threaten both the American Midwest and East as well 
as the Pacific Coast. 

In the past two years the National Earthquake Hazards Reduction Program has 
made progress. We finally have a five-year plan, which was due in 1981. The Feder- 
al Emergency Management Agency has strengthened its staff and its management 
of the overall program. Information on earthquake hazards and mitigation meaures 
has been disseminated to state and local officials and to the engineering community. 
Recent research has taught us much about earthquakes that occur east of the Rocky 
Mountains, and scientists are now poised to monitor the expected earthquake along 
the Parkfield section of the San Andreas fault. 

Much remains to be done, however. We are only beginning to understand the geo- 
logical processes that caused the disastrous New Madrid and Charleston earth- 
?uakes of the 19th Century. Such "intraplate" earthquakes are poorly understood, 
'et evidence from the Charleston area now confirms that eastern earthquakes 
occur periodically, and suggests that wide sections of the American East may be 
threatened by major tremors. 

!n addition, short-term earthquake prediction has proven more difficult than we 
first imagined. More work is needed here. Our understanding of how structures 
behave in earthquakes, while growing, still is preliminary. Yet the Administration 
once ^ain proposes elimination of the Center for Building Technology at the Na- 
tional Bureau of Standards. Finally, more work is needed to help states and commu- 
nities develop zoning plans and building codes that reduce tne chances of wide- 
spread destruction. 

Mr, Chairman, I look forward to receiving the testimony from Mr. Speck and the 
other agency officials who come before us tiMav. I am especially pleased that Profes- 
sor Lindbergh will testify. Dr. Lindbergh teacnes at my alma mater, the Citadel. I 
know that he and our other witnesses will shed light on the important issues before 
us. E^arthquakes remain a serious threat to our nation and our people. It is essential 
that we have a sound program to understand them and to reduce their hazards. 
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Senator Gorton. Thank you Senator Gore. 

I am pleased that the long-awaited 5-year plan for the prc^am 
has been released, and we look forward to assessing it. We want to 
pay special attention to how the prt^am is making the States 
better prepared for earthquaikes, and we will be hearing from Mr. 
Hu^h Fowler of the Washington State Department of Emergency 
Maneigement on that subject. 

We will also hesir from Dr. Charles Lindbergh of the department 
of civil engineering at the Citadel, Charleston, SC, on some of the 
special problems of east coast earthquakes. 

The hearing will start with a panel of representatives of the Fed- 
eral agencies which are conducting activities under the Earthquake 
Hazards Reduction Act. In order of presentation they are Dr. 
Sfimuel Speck, of the Federal Emergency Mansigement Agency, fol- 
lowed by Dr. Dallas Peck of the U.S. Geol(^cal Survey, Dr. Nam 
Suh of the National Science Foundation, and Mr. Raymond 
Kammer of the National Bureau of Standards. 

Gentlemen, we welcome you to the hearing, and look forward to 
your testimony, starting with that of Dr. Speck. 

STATEMENTS OF DR. SAMUEL W. SPECK, ASSOCIATE DIRECTOR 
FOR STATE AND LOCAL PROGRAMS AND SUPPORT, FEDERAL 
EMERGENCY MANAGEMENT AGENCY; DR DALLAS PECK, DI- 
RECTOR, U.S. GEOLOGICAL SURVEY. ACCOMPANIED BY DR. 
JOHN FILSON, CHIEF, OFFICE OF EARTHQUAKES, VOLCANOES, 
AND ENGINEERING; DR. NAM P. SUH, ASSISTANT DIRECTOR 
FOR ENGINEERING, NATIONAL SCIENCE FOUNDATION; AND 
RAYMOND G. KAMMER, DEPUTY DIRECTOR, NATIONAL 
BUREAU OF STANDARDS 
Mr. Speck. Thank you, Mr. Chairman. 

I am pleased to appear before this session of the Senate Commit- 
tee on Commerce, Science, and Trans[>ortation Subcommittee on 
Science, Technology, and Space to present the Federed Emergency 
Management Agency's comments on the National Earthquake Heiz- 
ards Reduction Program in connection with the reauthorization of 
the Earthquake Hazards Reduction Act of 1977. 

In these remarks, I will summarize my testimony, which is being 
submitted in its entirety for the record. 
Senator Gorton. And it will be included in the record. 
Mr. Speck. Thank you. 

In my oral testimony, I would like to do three things: First, brief- 
ly summarize the activities and allocations of responsibilities under 
the National Earthquake Hazards Reduction Pn^am; second, 
summarily describe FEMA's responsibilities within that program; 
and third, briefly detail the fiscal year 1985 and projected fiscal 
year 1986 FEMA outputs under the program. 

Simply put, the Earthquake Hazards Reduction Act of 1977'b 
purpose is the reduction of the risk to life and property in the 
United States from future earthquakes. 

In creating the pn^am, Congress brought together the earth- 
quake hazard-related research programs already well underway of 
the U.S. Geol(^cal Survey, the National Science Foundation, and 
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the National Bureau of Standards with the activities of FEMA to 
form an integrated and comprehensive program. 

These agencies, as you have already indicated, constitute the 
four principEiI agencies of the National Earthquake Hazards Reduc- 
tion Pn^am. Congress has designated FEMA as the lead agency 
for that program with responsibility for developing, leadit^, and 
coordinating the program. 

As such, FEMA chairs a variety of interagency coordinating 
mechanisms at both the senior policy and program manager levels. 
These have proven to be effective in dealing with the range of 
issues the program faces. 

FEMA oversees and coordinates the preparation and submission 
on behalf of the President of the program s annual report to Con- 
gress each year. FEMA also has submitted to Coi^ress on behalf of 
the administration proposed legislation to reauthorize appropria- 
tions under the Earthquake Hazards Reduction Act totaling 
$68,899,000 for fiscal year 1986 and sums as may be necessary for 
fiscal year 1987. 

This legislation basically freezes the total authorized amount 
under the Earthquake Hazards Reduction Act at the level approxi- 
mating that authorized for fiscal year 1985, which represented a 
substantial increase over the previous fiscal year. 

Working through the intersigency coordinating mechanisms, 
FEMA has prepared the 5-year plan for the program which is re- 
quired by the act. It wais transmitted to Congress on January 4, 
1985. It outlines the programs of the principal agencies in carrying 
out their responsibilities under the National Earthquake Hazards 
Reduction Program. 

The time period covered by the plan includes fiscal years 1985 
through 1989. The plan translates the purpose and objectives of the 
EJarthquake Haztirds Reduction Act into a pn^tun consisting of 
five major elements tmd outlines the specific goals and objectives 
for each element. 

These elements, which I will now briefly discuss, are listed on 
the chart that you have to your left and my r^ht, and you will 
notice the chart lists the basic elements, the subelemente under 
each of those basic five elements, and on the right-hand side of the 
chart the agency with the principal responsibility for carrsdng out 
those elements. 

The elements are, as you can see from the chart, first hazard de- 
lineation and assessment, or in other words what do earthquakes 
do; the second, earthquaike prediction research so that we may 
better do what the Chinese did in the example you gave, Mr. Chair- 
man, of predictii^ an earthquake before it happens; third, seismic 
design and engineering research; fourth, preparedness planning 
and hazard awareness — by that we mean public education about 
earthquakes; and finally, five, fundamental seismological studies, 
that is, what are the basic causes of earthquakes. 

FEMA has submitted legislation which would change the current 
requirement for an annual update of the 5-year plan to updates eis 
necessitated by events or at least every 5 years. The reason for this 
is simply the extraordinary amount of staff time and resources 
that it takes to bring about an annual update, and the fact that 
programmatic eictivities in this area are usually undertaken on a 
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multiyear cycle, and therefore an zinnual update would not be pai> 
ticularly appropriate. 

FEMA, through submission to Congress of the annual report, will 
continue to report regularly on progress beit^ made by the agen- 
cies to accomplish the objectives in the 5-year plan. 

Mr. Chairman, the committee should have eilready received the 
national earthquake hazards reduction 5-year plan, and in addition 
to that should have already received the national earthquake haz- 
ards reduction overview, and a copy of the annual report. 

In terms of FEMA's Earthquake Prc^am activities, as in all 
matters related to public health and safety, State and local govern- 
ments bear the primary responsibility for the protection of life and 
property in the event of a serious catastrophic earthquake. 

They and individuals and groups in the private sector are also 
the ultimate users of information generated by the National Earth- 
quake Hazards Reduction Program. To assist State and local gov- 
ernments to enhance their overall emergency management capa- 
bilities, FEMA developed the Integrated Emergency Management 
System, known as lEMS. 

lEMS stresses the preparedness elements common to emergen- 
cies across the full spectrum, while at the same time rec<%nizing 
elements unique to specific types of emergencies. 

Guidance for the implementation of the lEMS approach was de- 
veloped in 1983, Held tested in 1984, and is undergoii^ full field im- 
plementation throughout the United States in 1985. The lEMS 
functional approach to comprehensive emergency management was 
funded last year by approximately $100 million of civil defense 
funds in direct program and training support to State and local 
governments. 

Mr. Chairman, I have indicated here the basic functional ele- 
ments that we are working with State and local governments to de- 
velop, functional elements that you need to have the capability to 
do regardless of the kind of threat or hazard that you may con- 
front. 

My purpose for bringing this to your attention is that I think we 
should not only look at where we are going in earthquake pre- 
paredness, but also look at what we are doing that is specific to 
earthquake preparedness, as well as what we are doing generically 
that is critical for an effective earthquake program or any pn^ram 
to enable an effective response to any kind of nazard that may con- 
front us. 

Under the National Earthquake Hazards Reduction Program, 
FEMA has responsibility for five areas of activity in addition to its 
overall leadership role. You will see those listed on the chart again 
on your left, my right. FEMA conducts these activities within the 
framework provided by IE3WS. 

I will now briefly discuss the elements of FEMA's Earthquake 
Program in terras of past accomplishments and planned activities 
for the future. In order to do that, I have listed on two charts what 
we expect eis our program accomplishments in fiscal year 1985, 
which is on your left, in fiscal year 1986, which is on your right. 

In terms of the first element, seismic design and construction, 
that W£i8 on the previous chart, the partial or total collapse of 
structures is the main cause of earthquake injuries and deaths. 
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However, casualties can also occur not only from the buildings 
themselves but ft*om the secondary effects of failed lifelines, such 
as fires caused by ruptured natural gaslines. 

In order to lessen these threats over the long term, FEMA sup- 
ports activities which can enhance the seismic safety of new and 
existing buildings as well as lifelines. The Interagency Committee 
on Seismic Safety in Construction has prepared and issued a draft 
seismic standard for new Federal buildings which is currently 
being updated and balloted by the Federal agencies. FEMA is pres- 
ently focusing on ways to ensure wide acceptance and application 
of this standard. 

With respect to new non-Federal buildings, a multiyear effort by 
the Building Seismic Safety Council under contract to FEMA has 
resulted in the publication of National Earthquake Hazards Reduc- 
tion Program recommended provisions for the development of seis- 
mic regulations for new buildings in draft form. 

Final balloting of this document by the BSSC member organiza- 
tions is now scheduled for the fall of 1985. These provisions will be 
available for our use by code groups, State and local governments, 
and the design professions. 

Last summer FEMA contracted with ABE, which is a term that 
refers to Applied Technology Council, Building Seismic Safety 
Council, and the Earthquake Engineering Research Institute joint 
venture for the development of a comprehensive smd detailed plan 
to address seismic vulnerability of existing buildings. 

This plan is expected to be ready by the end of fiscal year 1985. 
Fiscal year 1986 funds will be used to start the most ut^ent and 
h^h priority items identified by this report. During the spring, 
FEMA plans to contract for a long-range plan on how to enhance 
seismic safety of new and existing lifelines. 

This plan is not expected to be ready before the end of fiscal year 
1986, with implementation therefore extending into the outyears. 

Due to the complexity of the issues surrounding lifelines, this 
area of seismic design promises to be one of the most chftllengit^ 
tasks we face in future years. 

In terms of State and local hazards reduction programs, major 
objectives of the National Elarthquake Hazards Reduction Pn^ram 
include developing in areas of seismic risk means of reducing the 
risks from earthquakes, providing warning of earthquakes, oi^aniz- 
ing State and local emei^enc^ services, and planning for recon- 
struction and redevelopment ^ler an earthquake. 

Twelve areas of high population, high risk have been identified, 
and in fiscal year 1985 for the first time FEMA is supporting earth- 
quake hazanJs reduction projects in all 12 of these areas. 

The 12 areas are: Anchorage, AK; Puget Sound, WA; southern 
California; northern California; Honolulu, HI; Salt Lake City, UT; 
the Central United States, that is, the New Madrid area: Charles- 
ton, SC; Boston, MA; New York; State; Puerto Rico; and the Virgin 
Islands. 

These areas are all at various stages in implementii^ their 
earthquake pn^ams. Some are at relatively early stages of vul- 
nerability assessment, while others are involved in preparedness 
£md response planning and mitigation zmd Federal response activi- 
ties. 
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Mr. Chairman, we have detailed in the formal testimony the spe- 
cific activities and stages where we are now in each of those 12 
areas for members of the committee. 

With the program's expansion to all h^h risk areas, FEMA rec- 
(%nized the importance of developing a standardized earthquake 
loss estimation methodology for use throughout the entire Nation. 
We plan to initiate this effort this year. 

Currently FEMA is completing work on a formfil civil prepared- 
ness guide which describes the tasks and activities that comprise a 
balanced State and local Earthquake Hazards Reduction Program. 
It is expected to be available for us in planning fiscal year 1986 
prpiects. 

"niis CPG is a major advance in the availability of Earthquake 
ProgTEmi guidance. 

In terms of Federal re8[>onse planning, State and local resources 
will be inadequate to respond to a truly catastrophic earthquake. 
Response from the Federal Government, both from the loc^ geo- 
graphic area and the entire Nation, will be required. 

"riierefore, in recognition of the increasing threat of a catastroph- 
ic earthquake in California, as well as the possibility of catastroph- 
ic earthquakes in other areas, FEMA initiated a response plannmg 
effort that involves the entire Federal Government, 

The third draft of the resulting Federal response plan was table 
top exercised in RESPONSE 84, which was based on a simulated 
catastrophic earthquake on the San Andreas Fault. The lessons 
learned from RESPONSE 84 were incorporated into the fourth 
draft of the plan, which will be field tested in RESPONSE 85 in 
June 1985 in California. 

Future work will initiate development of FedereU regional plans 
and include exercises to maintain and update the national plan. 

In r^ard to mitigation and multihazard preparedness planning, 
until now earthquake preparedness planning has been conducted 
with an exclusive concentration on reducing seismic risk. However, 
earthquakes also trigger multiple and simultaneous disasters such 
as fires, fioods from ruptured dams, landslides, and toxic spills. 

For areas where earthquake recurrence periods are long and cur- 
rent seismicity is low, earthquake preparedness measures may be 
politically and economically feasible only if they are combined with 
those to reduce other hazards. 

A multihazard approach to planning is under way in Ogden, UT, 
to aissess the combined risks from seismic hazards, dam failure, and 
floods. This effort is expected to provide cost-effective and manage- 
able preparedness strat^es and recommendations for the short- 
term mitigation of existing hazards and for long-term land use 
planning to avoid them. 

The project should be completed next year, at which time its 
transferability will be assessed, and, Mr. Chairman, I had the op- 
portunity to meet with the people in Utah this past week to discuss 
the progress that is being made, and to look at the interrelation- 
ship between the Wasateh Fault and the dams that are just over 
the first tier of mountains that would be at considerable risk in the 
event of an earthquake there. 

The banking and insurance industries are the subject of consider- 
ation with respect to earthquake hazard mitigation because of the 
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critical functions that they perform in our society. FEMA is plan- 
ning to examine them from two points of view, as agents for bring- 
ing about abatement of seismic risks through their loan insurance 
and related practices, and as institutions the continuing function- 
ing of which is vital to restoration of community life after a damag- 
ing earthquake. 

The goal is to reach policy conclusions by the end of fiscal year 
1986. 

Earthquake education and information transfer is another criti- 
cal element of our prt^am. In order for individuals, organizations, 
and governmental units to most effectively plan for, respond to, 
and take appropriate recovery and mit^ation actions related to the 
earthquake hazard, a Comprehensive Earthquake Education and 
Information Transfer Program ia essential. 

At the end of fiscal year 1984, FEMA completed the development 
of a Multiyear Earthquake Education Management Program which 
identifies milestones and expected accomplishments and facilitates 
analysis, evaluation, and identification of future funding priorities. 

FEMA has promoted community outreach efforts through sup- 
port since 1983 of two pilot earthquake education centers in 
Charleston, SC, and Memphis, TN, and a pilot project to reduce the 
vulnerability of the Seattle, WA, school population to the conse- 
quences of earthquakes. 

Mr. Chairman, I have with me some of the outputs of some of 
those programs. This is the guidebook for developing a School 
E^arthquake Safety Program. In fiscal year 1986, these efforts will 
be completed and evEiIuated for transferability. 

FEMA has eiIso initiated competitive challenge grants to stimu- 
late local public information demonstration projects, provided a 
grant to the Children's Television Workshop, producer of TV's 
Sesame Street, to develop a Multihazard Program for youth, and 
initiated a series of emergency information exchai^es. 

Again, Mr. Chairman, I have a number of the various publica- 
tions in terms of earthquake information that are currently avail- 
able to the public. 

With the USGS, FEMA sponsors workshops designed to increase 
the hazard awareness of elected officials and influential public and 
private policymakers in high risk areas. Since 1981, 12 workshops 
have been held or are now planned. 

Finally, through the NETC, the National Emergency Training 
Center at Emmitsburg, FEMA has developed a course entitled 
"E^rthqutike Hazard Mitigation for Utility Lifelines," the first of a 
series of specisd topical courses on hazard mitigation. Other courses 
will be developed to address such topics as earthquake fire hazards 
in highrise, high occupancy buildings and nonstructural earth- 
quake hazard mitigation for hospitals. 

In 1984, the southern California Earthquake Preparedness 
Project, known as SCEPP, delivered to FEMA the products it had 
developed since its creation in 1980. FEMA has reviewed these ma- 
terials to determine their transferability to areas outside of south- 
em California, and the most effective means of disseminating them 
to other areas. We expect to have them available for distribution 
later this yeeu-. 
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Thank you. That concludes ray comments, Mr. Chairman. I will 
be glad to answer questions at the appropriate time. 
[The statement follows:] 



INTRODUCTION 

I am pleased to appear before this session of the Senate 
Committee on Commercei Science and Tranaportatlon, Subcommittee 
on Sciencei Technology and Space to present the Federal Emergency 
Management Agency's (FEMA) conunents on the National Earthquake 
Hazards Reduction Program (NEHRP) in connection with the 
reauthorization of the Earthquake Hazarde Reduction Act of 1977, 
Hy discussion today will cover the objectives of the law, FEHA's 
leadership role In the NEHRP, the roles of other Federal 
agenclesi the Pive-Year Plan, the five major elements which 
comprise HEHRP, and the five major elements of FEHA's earthquake 
hazards reduction program. 

THE NATIONAL EARTHQUAKE HAZARDS REDUCTION PROGRAM 

The Earthquake Hazards Reduction Act of 1977 (P.L. 95-124), as 
amended, has as its purpose the reduction of the risks to life 
and property in the United States from future earthquakes through 
the establishment and maintenance of an effective earthquake 
hazards reduction program. The objectives of the HEhrp include 
development and improvement of the Nation's capabilities with 
respect to selamlc design and construction] land-use policy 
decisions and building activity) earthquake prediction techniques 
and warning systems; coordinated preparednGss ^response and 
recovery planning) public education; Identification and 
characterization of the earthquake hazard; and research. 

In creating the HEHRP, Congress brought together the earthquake 
hazard related research programs, already well underway, of the 
U.S. Geological Survey (USGS), National Science Foundation (NSF), 
and the National Bureau of Standards (HBSl with the activities of 
FEHA to form an integrated and comprehensive Federal program. 

FEHA'S Leadership Bole 

PEHA fi overall mission is to coordinate Federal emergency 
management activities [preparedness, response, recovery, and 
mitigation) for all types of disasters - natural and mannade - 
and to provide technical and financial assistance to State and 
local governments in carrying out their emergency management 
programs. With this in mind Congress designated FEKA as the lead 
agency for the NEHRP, with responsibility for developing, 
leading, and coordinating this national program. 

FEKA has provided leadership to the program in the following 

° FEMA has submitted to the Congress on behalf of the 
Administration proposed legislation to reauthorize 
appropriations under the Earthquake Hazards Reduction Act 
totaling $68,899,000 for Fiscal Year 1986 and sums as may 
be necessary for Fiscal Year 1987. This legislation 
basically freezes the total authorized amount under the 
Earthquake Hazards Reduction Act at a level approximating 
that authorized for Fiscal Year 1985. 
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° PEKA established and chairs the Interagency 
Coordinating Committee (ICC) of the NEHRP. The 
ICC is composed of program-manager level 
representatives of the four principal agencies 
assigned responsibilities under the program, and other 
departments and agencies which conduct earthquake 
related programs. The ICC provides a setting £or the 
staff to meet regularly and resolve the operational 
issues facing the agencies in meeting the goals of the 
HEHRP. The ICC has become, over the past year, 
stronger than ever. 

^ FEHA chairs the Earthquake Work Group in support of 
the Emergency Mobilization Preparedness Board (EHPB). 
The EMPB was created by the President to ensure that 
the Kation vould be capable of responding effectively 
to major peacetime and wartime emergencies. The 
Earthquake Work Group is addressing national 
mobilization and preparedness issues associated with 
the consequences of a catastrophic earthquake. 

3 FEMA has established an Earthquakes and Natural 
Hazards Programs Division within its Office of Natural 
and Technological Hazards to provide a focus for 
earthquake related activities within our agency. 

3 FEMA, working through the ICC and Policy Coordinating 
Group Mechanisms previously explained, has prepared 
the Five-year Plan for the National Earthquake Hazards 
Reduction Program. The plant which details the 
activities to be undertaken ^ the principal agencies, 
will be discussed in greater detail below. 

3 FEMA has continued to promote a strong seismic 
mitigation program applicable to the Federal community 
through support of the Interagency Committee on 
Seismic Safety in Construction {ICSSC}. FEHA 
participates in the ICSSC Steering Committee and 
provides financial and lead agency support to the 
National Bureau of Standards, which functions as the 
Committee's Secretariat. This Committee was nearly 
dormant two years ago, but since then, largely through 
FBHA's leadership role, it has been revitalized. 
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o FEMA oversees and coordinates the preparation of and 
submits, on behalf of the President, the NEHRp Annual 
Report to Congress each year. The law requires that 
such a report be prepared following each fiscal year, 
discussing the status of the NEHRP and describing and 
assessing the progress made during the preceding 
fiscal year In reducing the rlaka of earthquake 

The General Accounting Office (GAO), in the latter part of 1982, 
conducted an evaluation of FEKA's efforts to carry out the lead 
■oencv role for the NEHKP, and published a report entitled 
-Stronger Direction Needed for the National Earthquake Program," 
in July 1983. The principal recommendation of the Report was to 

...formoliie and strengthen the role of the Earthquake 
Policy Review Group as the program's oversight and 
managenient body by scheduling regular meetings and 
instituting a process that will bring important issues 
before It for decision, including establishing program 
goals, priorities, budgets, and target datesi and 
requesting, if necessary, specific Congressional funding for 
its activities. 

FEHA responded to this recoinBendation by having an official 
charter for the cenaned Policy Coordinating Group approved by th« 
Members and publishing this charter in the Federal Register on 
July 20, 198*. FEMA now chairs meetings at approximate six-month 
intervals and records the agendas, minutes, and follow-up 
actions. As necessary, meetings may be scheduled more 
frequently. FEHA also used this group to coordinate the 
development of the recently completed Five-Year Plan. 

An additional recommendation of the GAO evaluators, related to 
FEHA'a leiid role was that the Agency should have a dedicated 
staff with appropriate technical expertise in order to provide 
effective leadership for this complex, technical program. Since 
the report was published, FEHA has Improved staff capacity by 
focusing earthquake program activities in a newly created 
Earthquakes and Natural Hajarda Programs Division (as mentioned 
earlier). This staff has been free of any reorganizations since 
Novenber 19S3 and the continuity of assignments has allowed staff 
to develop their professional competence. FEHA also arranged 
with TJie USGS for the latter to conduct a course in February 1985 
for FEHA s headquarters and regional earthquake program managers 
and staff on the history, causes, and effects of earthquakes In 
the United States. Based on the success of this course, future 
courses on additional subjects may be developed. 
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Othar Participants in the WEHRP 

Three agencies have principal roles in the NEHBP, in addition to 
PEMA. These are the USGS, NBS, and HSF. The USGS conducts basic 
studies on the nature of earthquakes and their physical 
processes, hazard delineation and risk analysiSi earthquake 
predtctionr and induced seismicity, as well as information 
dissemination and outreach efforts. The NSF funds basic research 
on earthquake processes and other fundamental Studies, and 
earthquake engineering research. To supplement FEHA's current 
statE capacity, the Agency has arranged for and funded the NBS to 
function as technical nonitor on some projects concerning the 
development of seisnic design and construction standards. 

In addition to the four principal agencies, there are a number of 
other agencies that play supporting roles in the NEHRP. These 
include the Nuclear Regulatory Commission, National Aeronautics 
and Space Administration, National oceanic and Atrrospheric 
Administration, the Veterans Administration, and the Departments 
of I'ransportation, Defense, and Housing and Urban Development. 
In all, there are over twenty agencies that have a role in the 
NEHRP, stemming at least from their responsibilities in the 
National Plan for Response to a Catastrophic Earthquake. 

The National Earthquake Hazards Reduction Act specifies at 
several points that the private sector be involved to the extent 
possible in the various activities of the nehrp. Elements of the 
private sector are involved in research and other projects 
related to the objectives of the NEURP, and are also often the 
ultimate users of information produced and dissenlnated by 
participating governnient agencies. 

FIvE-YEAR PLRN for the NEHRP 



The Flve-Vear Plan for the NEHRP is required 1^ Section 5 of the 
Earthquake Hazards Reduction Act of 1977, as amended by P.L. 
96-472 of October 19, 1980. The section provides that the 
Director of FEMA shall "... compile and maintain a written 
program plan for the program ... which plan will recommend base 
and incremental budget options for the agencies to carry out the 
elements and programs specified ... and which plan shall be ... 
transmitted to the Congress and shall be updated annually....* 

Since the inception of the program in 1977, the efforts of NSF 
and USGS had been guided by an earlier plan published jointly by 
the two agencies ('Earthquake Prediction and Hazard Hitigationi ' 
Options for USGS and NSF Program,' September 15, 1976). While 
providing valuable guidance at the beginning, this plan did not 
include the efforts of NBS and FEKA did not yet exist. Further, 
the report only covered fiscal years through 19B0, the Unit of 
the Act's original authorization. 



Digitizecoy Google 



when the effort began. The final Plan Has conpleted and 
transmitted to Congress on January 1, 19^5. An Initial plan was 
developed by the principal agencies ••^d was completed In 19S3- 
Then PEHA convened a panel of 25 experts In a variety of 
earthquake related fields to provide an independent review of the 
document. This panel was headed by Karl Stelnbrugge, a 
structural eORlneer and internationally reoognlied expert on 

IB charged with providing the Chatrtnan of 
ssement of Its (the plan's) adequacy In 
respect to such topics as general direction, comprehensiveness, 
gaps or overlaps, and reaponslvenesB to the objectives of th- 
NEHHF, as established by law." 

IXiring Plscsl Year igBU, the NEHRP Policy Coordinating Oroup and, 
subsequently, the Office of Kanagement and Budget (OHB) reviewed 
the recommendations of the Independent advisory panel (subwltted 
in Fiscal Year 1983) and estsbllshed guidelines for revision of 
the plan by the principal agencies to conform with the 
President's budget. The independent panel hsd provided both a 
high and low budget scale for the proposed activities In the 
plan, and the reworking of the plan aeaording to the guidelines 
provided as part of the Policy Coordinating Group and OHB reviews 
resulted in a level of activity between the two. 

Legislation has been submitted which would change the requirement 
to submit sn annual update to the five-year program plan required 
by section 5(b)(3)(E) to a requirement for submission of the plan 
when needed, but In any event at least every five years. Also, 
the section would be revised to eliminate obsolete dates, and 
required details to be Included In the plan. The reason for this 
change Is two fold; (1) the process of preparing the plan was 
tins and staff intensive and we anticipate that an annual update 
would require commenaurate resources, and (2) programmatic 
activities In this area SPe uaually undertaken on a multiyear 
cycle; therefore an annual update would be inefrective, PEHA, 
through submission to Congress of the annual report, will 
continue to report regularly on progress being made by the 
agencies to accomplish the objectives In the Plve-Yesr Plan. 

The plan outlines the programs of the principal agencies In 
carrying out their responsibilities for the five basic elements 
of the NEHRP. The time period covered by the plan Includes 
Fiscal Years 1985 through 1989. 

The plan translates the purpose and objectives of the Earthquake 
Hazards Reduction Act Into a program consisting of five major 
elements, and outlines specirio goals and objectives for each 
element. The elements, along with brief descriptions of the 
activities they encompass, are as follows; 

1. Hazard Delineation and Assessment 

2. Earthquake Prediction Resesrch 

3. Seismic Design and Engineering Reaearch 

tt. Preparedness Planning and Hazard Awareness 
5> Fundamental SelBmological Studies 
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1. Hazard Delineation and AaseBament 

Information about the earthquake risk la the foundation upon 
Nhlch safety measures rest: land uae planning; design and 
eonatructlon; disaster preparedness, response and recovery; 
public Infonnatton and education activities; and responses to 
predictions. Major activities under thia element Involve (1) 
determining the tectonic framework and earthquake potential of 
various zones In the United States, and l2) delineating, 
evaluating and docur^ientlng earthquake hazards and risks In urban 
and other critical areas of the United States. Projects 
conducted under thla element Include: regional monitoring and 
earthquake potential studies, national and regional earthquake 
hazards assessment, and post-dlsaater mitigation studies. 

2. Earthquake Prediction Reeeargh 

Accurate earthquake prediction can provide a foundation for 
preparedness actions that may reduce human suffering and social 
disruption, Mhlle posing Intriguing and fundamental aclentlflo 
questions. One of the most challenging problems racing the 
physical science community la to develop reliable methods for the 
timely prediction of damaging earthquakes. Activities conducted 
under this element include the following obtaining and 
analysing data on precursory phenomena performing prediction 
experiments, performing theoretical, laboratory and fault zone 
studies to understand the physical procesaea Involved In the 
occurrence of earthquaJces , and developing a better understanding 
of Induced seismlclty. 

3. SclBmIc Design and Englncerlni^ Besearch 

Significant advances In understanding the response of structures 
to earthquake motlfbhs are being Incorporated Into the design of 
tall buildings, dams, nuclear power plants, liquified natural gas 
facilities, and more. However, today's knowledge la far rrom 
complete. Activities undeT this element are directed towards 
Inprovementa In; model codea and regulations and manuals of 
practice for Improved seismic design; eFforts to educate 
engineers, public orfleials, architects, and construction 
personnel about Improved practlC'So; research to underotand the 
response of structures to earthquakes and develop better 
Information on actual and estimated ground motion; and continued 
progress within the Federal Government to apply proper practices 
to its own building projects. 

4 . Preparedneaa Planning and Hazard Awareness 

Improvements In seismic design and construction primarily affect 
new eonatructlon. However damages In heavily populated and 
Industrialized areas can cause tena of thousands of casualties 
and damages in the billions of dollars. Therefore, it is 
critical to mitigate the Impacts of earthquakes and prepare for 
an effective response. Activities within thla element are 
directed toward improving the capabilities of all elements of the 



DigilizocB, Google 



public and private sectors to mltlBate ths consaqueneea of and 
respond to an earthquake disaster (or the prediction or an 
earthquake), and developing Icnowlodgo about the dealaion-malting 
and eeononlo impacts of mitigation and preparedness. Spsciric 
projects Include the development or a management strategy for 
coordinating earthqualte hazards reduction activities, development 
and testing of a Federal Response Plan and strengthening of State 
and local preparedness planning, oonsolldatlon of earthquake 
preparedness planning with that for other haaards to Increase the 
efflcienc; of all, development and Implementation of an 
earthquake education and Information transfer plan, and 
examination of the societal factors Associated Hlth the adoption 
and application of technological and social adjustments to 
earthquake hazards . 

5. Pundaaental Selaaologlcal Studies 

Basic research Is required to understand the physical processes 
that eventually cause earthquakes. The disciplines and 
technologlea Involved are numerous. Including seiamology, 
geodesy, satellites, lasers, and computei- modeling. The 
activities of this element are directed toward better 
understanding of plate tectonics and the earthquake process; 
Installation, operation and nalntenance of an Improved global and 
national netHork or seismograph statlonsi collection snd analysis 
of information on the occurrence and effect of earthquakes; and 
support of basic and applied research to ensure that data 
collection and analytical techniques keep pace with advances In 
instrumentation and theoretical seismology. 

FEMA'B EARtHQUAKE PROORAH ACTIVITIES 

As In all natters related to public health, safety, and welfare. 
State and local governnenta bear the primary responsibility for 
the protection of life and property In the event of a serious or 
catastrophic earthquake. The functions of emergency prepsredness 
planning, warning, response, recovery, and mitigation must be 
carried out at these levels of government, with the assistance, 
cooperation, and support of the Federal Government. To assist 
State and local governmenta to enhance their over-sll emergency 
management capabilities, PEMA developed the Integrated Emergency 
Management System (lEMS). lEHS is designed to enable State and 
local governments to utilise available funds and resources with 
optimum effectlvenesB and efficiency. It doea so by stressing an 
Integrated Functional approach to the management of eraergencloa 
across a full spectrum. Including natural disasters such aa 
tornadoes, hurricanes, floods and earthquakes technological 
disasters such as explosions, release of hazardous materials, 
acoidenta Involving radiological materlala, nuclear power plant 
accidenta, resource shortages; and possible attack. 

lEHS stresses the preparedness elements common to emergencies 
across the full spectrum while at the same time recognizing 
eleuenta unique to specific typea of emergeneieB. Quldance for 
the Imp lament at ion of the lEMS approach was developed In 19S3, 
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field tested In 198*. «nd la undergolne full field lapleaentatlon 
In 1985. the lEHS funetloiul approach to coBprehenslve eaergency 
nanagenent was funded last year by approilnately (100 Blllltm of 
civil defense funds In direct progran and training support to 
State and local govemnents. 

The Earthquake Haiards Reduction Act, trtille obvloualy harard 
specific, recognised In Its original language the benefits that 
could accrue to overall imergency preparedness fro* the planning 
and preparedness activities related to a single hatard. Section 
2(7) states: 

The iBpleaentatlon of earthquake hacards reduction aeasures 
■ould, as an added benefit, also reduce the risk of loss, 
destruction, and disruption fro* other natural hasarda snd 
■anmade hasarda, Inclvdlng hurricanes, tornadoes, accidents, 
explosions, landslides, building and structural cave-lna, 
and fires. 

Under the five aajor eleaents of the NEBRP, described earlier In 
this statement there Is a set of progran activities and tasks 
■hlch are the specific responsiblltty of FEHA to carrjf out. 
Consistent with the language froEi zhe Act quoted above. It is 
PEMA a policy end Intent to Inplecent these activities within the 
eonteiC of lEMS to the entent possible These activities 
constitute h Pe«» earthqualie progran of five eleaenta, in 
addition to the lead agency functions already discussed. The 
five elements of the reiU earthqualce progran are the following: 

I. SelBMlc Deslpi and Construction Standards 

II. State and Local Hazards Reduction Prograaa 

III. Federal neaponse Planning 

IV, Mitigation and Nultlhasard Preparedneaa Planning 

V. Earthquake Education and Inforaatlon Transfer 



I. SEISMIC DESION AND COHSTRUCTIOH STAKDARDS 

The partial or total collapse of structures resulting froB an 
earthquake Is the naln cauae of «arthquske Injuries and deaths, 
HoHever, casualties can occur not only from the buildings 
themoelveS but from the secondary effects of failed lifelines, 
such as fires caused by ruptured natural gas lines. In order to 
lessen these threats to hunsn life PEKA supports activities 
whleb can enhance the seisnlc safety of new and eilstlng 
buildings as well as lifelines These activities Hill result In 
design standards, prsctlces recoDunended provisions and Manuals 
for the different users In the construction industry, 

nils aegnent of the PEMA earthquake prograa Is being conducted 
In two parallel, coordinated, and coBpleaentary gi^ups of 
activities. One group la for the use of the private sector, 
prlnarlly the design profesaiona, ths building regulatory 
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entltleB, and th« model code and spectrioatlon writers. For 
these ueers, ttie FEHA-apansored end products are intended to be 
source documenta only. The second group of activities is 
directed at Federal agencies with the two-fold objective of 
establishing a minimum unirarm aelanilc safety level for Federal 
construction and setting an earthquake mitigation example on the 
part of the Federal Qovernment. In both cases, the output of 
this element of the earthquake program represents the moat 
effective long-range mitigation strategy. 

Federal Bulldlnga (Hew) 

The seismic safety requirements for buildings constructed or used 
by Federal agenciea, as well as buildings constructed under 
various Federa.1 grant, leaae, and regulatory programs should be 
consistent, with different standardu, where needed, set to 
satisfy the special needs of certain mission agencies. To 
satisfy this objective, the Interagency Committee on Seismic 
Safety in Construction (ICSSC), representing all Federal 
construction agenciea, was created in 19T9 and Is chaired by the 
NBS with funding support from PEHA By January 1981, the ICSSC 
had formulated and Issued a draft seismic standard for new 
Federal buildings. In issuing the document, FEMA urged Federal 
agencies to use these provisions in their normal mlselon-orlented 
construction activities. The ICSSC has made a recommendation to 
FEHA en the most suitable process and procedures to ensure a wide 
acceptance and application of the standard. PEHA is In the 
process of asseaaing the policy implications of such a 
reeomnendatton, which would involve a degree of mandatlon for 
Federal agenciea. In the meantime, the 1961 standard la being 
updated and balloted by the Federal agancles. 

Mon-Federal Bulldlnga (Sew) 

In parallel with these Federal activities sre the activities of 
the Building Seismic Safety Council (BSSC), an Independent, 
consensus, voluntary body established under the auspices of the 
National Institute of Building Sciences. The B8SC enhances 
public safety by providing a national forum to foater improved 
aolsmio safety provisions for use by the building community In 
planning, designing, constructing, regulating and using 
buildings. 

Since its establishment Just 6 years ago, BSSC, with funding from 
FEMA, has undertaken a multlyear, nultlphasod, multiobjeetlve 
project to: (a) asseas the viability and technical validity of 
(including relevance, clarity, completeness, and practicability), 
and to refine as necessary, the Applied Technology Council'a 
CATC) Tentative ProvlalonB for the Development of Seismic 
RegulatlonB for Buildings Into a new "document ; tb) Identify 
aooletal and regulatoi-y Impacts of their Implementation; (c) 
conduct a long-range program to encourage the adaptation of the 
resource document to local needs by the design professions, the 
code- and standard -writing organliations, and State and local 
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Th« firat objective was achieved on schedule with the conpletlon 

of the trial design of the ATC provisions and Ch* publication or 
the NEHRP Recommended Provisions for the Development of Seismic 
ReauIItlFna far few B^'fldlnga ." The trial deejgn proceae Involved 
almost 50 buildings of different size, shape, oeeupaney, and 
construction type In nine cities, six of ohleh are east of the 
ilockles. nie nine cities are t=»Bphl8, St. Louis, Charleston, New 
York, Chicago, Fort Worth, Phoenix, Los Angeles, and Seattle. 
The results or the process were subjected to a consensus review 
and then Incorporated Into the NEHRP Recommended Provisions . 
TtasBS in turn ware subnitted for balloting by the 57 BSSC member 
organisations. The technical and philosophical topics raised by 
balloting are being addressed Eyatematlcally and a planned second 
balloting Is now sche'jled for the fall of 1985 - a few months 
later than orglnally planned. Thl- delay will peralt a more 
deliberate pace In the second balloting and In resolution of 
Issues than waa allowed during the first balloting, and foster a 
consequent strengthening of the consensus process. 

Preparation of the manuals on societal Implications and on 
regulatory Inpaats of the NEHRP Recommended Provisions Is 
proceeding as planned, with the former expected to be ready by 
May 1985. 

^rlng the next phase of ths BSSC contract (now being 
negotiated], & long-range plan will be prepared for encouraging 

as widespread as possible adaptation or adoption of the 
provisions by Interested users. Complementary documents are also 
expected to be ready for dls?amlnstlon by the end of January 
1986. In the meantime, NBS Is preparing the technical basis for 
upgrading the provisions, an effort that BSSC Is expected to 
start In the fall of 1985 and pursue In Fiscal Tear 1986. This 
effort will follow a corisensua process Identical to that used In 
the development of the first version of the NEHRP Recommended 

Existing Structures (Federal and Non-Pederal ) 

The activity described so ^ai- hr.s been directed at naw construe- 
tlon practices however, attention to existing construction la 
Imperative. Spurred by tax credit Incentives, the rehabilitation 
of structures - historical and nonhlstorlcal, residential, and 
commercial - Is proceeding a* a rapid pace throughout the 
country. Moat rehabllltatlo!i work Is done without a sot of 
generally accepted and applied seismic building stsndards and 
practlcea. This means that In areas of high and moderate seismic 
risk throughout the country, hazardous buildings are being given 
additional years of occupancy, thus exacerbating an already 
serious condition. 
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Yet, there ia a considerable body of engineering and 

architectural knowledge on how to repair and retrofit 

to Improve their aeiamic resistance. Additionally, practical 

experience resulting from the gradual application of seismic 

provisions to existing buildings by a few municipalities (e.g., 

the City of Los Angeles) is being accumulated. There 

iSi thereforei a sufficient base of knowledge upon which to 

proceed with a conprehenstver multiyear effort to abate the 

aelsnlc hazards created by old buildings. 

For this reason, late last summer FEMA contracted with the newly- 
formed ABE (Applied Technology Council, Building Seismic Safety 
Council, and the Earthquake Engineering Research Institute) Joint 
Venture for the develc^nent of a comprehensive and detailed plan 
for this hazard abatement program. The objective of this plan is 
to provide FEHA, other Federal agencies, and the private sector 
with detailed guidelines, a suggested inplementation process and 
Identification of the resources required to carry it out. Nine 
papers have been commissioned and will be the Eocl of a workshop 
to be held in Phoenix this month [March 1985) to develc*) a broad 
consensus on the plan. The plan itself, based on the 
commissioned papers and the results of the workshop, is expected 
to be ready by the end of Fiscal Year 19B5. Fiscal Year 1966 
funds will be used to start the most urgent and high priority 
items Identified in this plan. 

Lifelines (Mew and Existing^ 

During this spring (1985), FEMA plans to contract with a 
broadly-based group similar to BSSC and the ABE Joint Venture to 
formulate a long-range plan on how to enhance the seismic safety 
of new and existing lifelines. As in the case of existing 
buildings, a great deal of activity is taking place, but a 
coherent, comprehensive plan of action is missing. Its 
preparation will be even Bore difficult than that dealing with 
existing buildings, because of the technical problems Involved, 
the heterogeneity of the different types of lifelines, and the 
close intertwining of public and private sector roles and 
activities. The plan is not expected to be ready before the end 
of Fiscal Year 1966, with inplementation, therefore, extending 
into the out years. 

II. STATE AND LOCAL HAZARDS REDUCTIOK PROGRAM 

I of the Earthquake Hazards Reduction Act is 

the development. In areas of seismic risk, of improved 
understanding of, and capability with respect to, 
•arthquake-related Issues, including methods of controlling 
the risks from earthquakes, planning to prevent such risks, 
disseminating warnings of earthquakes, organizing emergency 
services, and planning for reconstruction and cedevelopioent 
after an earthquake. 
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To achieve this objcctlvat FEKA Is supporting a range o£ 
earthquake specific activities in bigb~to-Dode rate-hazard States 
and localities identified by the USGS and FEMA. These activities 
typically follow a logical sequence of tasks that begins with an 
assessment of past and potential seismic activity in the area. 
Based on these assessnients vulnerability or loss studies are 
■ade to estiBate prvtiary and secondary earthquake effects, the 
nuBber of possible casiialtiesi and potential damage to critical 
knd/or special Cacilitles and lifelines needed for iaaediate 
response operations. Using data from these analyses, FBHA 
assists the State and local governinents to undertake 
preparedness, response» recovery and mitigation planning and to 
integrate this planning into their overall emergency managenent 
programs, ntroughout this process, the State and local 
govemaents are encouraged to iBpIeaent public awareness and 
education programs. 

Regarding the vulnerability or loss studies referred to abovei 
the early loss-estimation methodologies were developed for 
California, where raost NEHRP activity was then occurring. With 
the program's expansion to the rest of the United States, irtiere 
th« nature of the seismic hazards as well as building 
construction techniques differ from California, it became 
ix^ortant that modified loss-estimation methods be devel^ied and 
better standardized Therefore FEMA plans to develop a more 
standardlxed earthquake loss-estimation methodology for use 
throughout the entire Nation. This methodology will provide a 
procedure for estimating loss of life, injuries, property damage, 
and other socioeconomic losses resulting from earthquakes. 

FEHA has made significant progress in translating the sequence of 
activities described above into the tasks and activities that 
co^rlse a balanced State or local earthquake hazards reduction 
program. in 1985, for the first time. Earthquake Preparedness 
Program Guidelines were included in the Comprehensive Cooperative 
Agreement (CCA) Guidance Package. (The CCA is the financial/ 
administrative ; r = :: r..-T: r ■. ust-d by FEMA to deliver comprehensive 
emergency management assistance to State and local governments]. 
Currently we are completing work on a formal Civil Preparedness 
Guide CPG) for the implementation of earthquake hazards reduc- 
tion programs by State and local governments It Is expected to 
be available for use in the preparation and planning of Fiscal 
Year 1986 pro;e.:-.= T-= :; ?G vill provide information on the 
overall struct.:: and content for earthquake hazard reduction 
measures at the State and local levels and general informatlcxi en 
-objectives, funding, government roles and integration with other 
emergency management efforts. While the CPG is intended 
primarily for the use of State and local governments, it will 
contain material that should be of considerable valine to FCHA 
regional staff in their roles of reviewing and approving project 
A^lications and monitoring and evaluating the ongoing projects. 
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first time, FEMA ia supporting earthquake haiards reduction 
projects in all of them. The twelve areaa are Anchorage, Alaskai 
Puget Sound, Washington; southern Colitornia (Los Angeles and San 
Diego); northern California (San Francisco Bay Area)] Honolulu, 
Hawaii; Salt Lake City, Utaht Central U.S.; Charleston, South 
Carolina; Boston, Massachusetts; New York State; Puerto Ricoi and 
the Virgin Islands. These areas are all at various stages of 
progress In implementing their earthquaXe hazards reduction 
programs. Some are at the relatively early stage of vulnerabi- 
lity assessment, such as New York State; while others are 
involved in preparedness and response planning, such as southern 
California and Salt Lake City. Mitigation activities are being 
conducted In California, Puget Sound, and other areas; and 
Federal response activities, including preparation for exercises 
this spring, are underway in the Anchorage and Los Angeles areas. 

1 of the activities in each o£ the twelve areas 

1. Anchorage, Alaska 

Alaska has received Federal funding for earthquake planning since 
the igid~I970's. Completed activities include a loss study for 
the greater Anchorage area; an earthquake plan for the State and 
the City of Anchorage; an emergency communications plan for the 
State; and tsunami safety and flood zone maps. The State also 
initiated activities to upgrade its emergency power and 
communication capabilities, and completed a study of the time 
needed for the restoration of power, gas, and water utilities. 
Fiscal Year 1984 activities included efforts to evaluate 
capability shortfalls, conduct a Federal capability analysis, and 
initiate a Federal preparedness project. Fiscal Year 1985 
activities will complete the Federal response preparedness 
effort. 

2. Puget Sound, Washington 

Previous work includes a risk assessment and vulnerability 
analysis completed in 1975, and a preliminary Federal response 
plan completed in 1981. With Fiscal Year 1981 and Fiscal Vear 
1982 funds, the State of Washington updated its Natural Disaster 
Plan , Ijicocporatihg standard operating procedures for earthquake 
response by State agencies. In support of this effort, a 
disaster assistance guidebook for local governments was revised 
to include earthquake response activities. In Fiscal Year 19B3, 
the State Initiated a 5-year effort focusing on local 
preparedness, response, mitigation, and recovery activities. In 
Fiscal Year 19B4, the objective was to create a disaster medical 
response capability In the Puget Sound region. Current and 
future work is projected to continue institutionalizing this 
capability and integrate it with local emergency management 
organizations. Also, the development of a set of mitigation 
strategies for land use and building design is planned. 
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3. SouEhern California 

A. SCEPP . The Southern California Earthquake Preparedness 
Project (SCEPP), a cooperative project between FCHA and the State 
of California, has made the transition over the last year from 
being a developmental project designed to produce prototypical 
earthquake preparedness planning tools to the operational, 
inclement at ion phase. SCEPP is now taking the materials it has 
developed, and its experience gained in that process, and using 
both to actively promote earthquake halard awareness and 
preparedness throughout Its five-county jurisdiction. It should 
be noted that. In recognition of the shift to an operational/ 
implementation mode, SCEPP has been transferred from the 
organiiatlonal authority of the California Seismic Safety 
Commission to that of Che Office of Emergency Services (OES). 
This shift also facilitates the integration of SCGPP's earthquake 

lith OES's comprehensive emergency 

B. U.S. /Mexico Earthquake Preparedness Project . 
1983, the Mexico-United States Geological Phenon 
of the Mexico-United States Consultative Committee on Natural 
Disasters proposed a project focussing on earthquake hazard 
reduction in the San Diego-Tijuana area. A workplan was prepared 
during Fiscal Year 1964 and work on the project is beginning In 
earnest this year. The seven major tasks of the project are 
evaluation of seismic hazard, vulnerability analysis and damage 
forecasting, emergency response and recovery planning, hazard 
reduction and mitigation, aelsmographic networks and information 
exchange, bilateral coordination, and public Information and 
education. The workplan describes the conduct of these 
activities for a five-year period (Fiscal Years 1985 ~ 1989}, and 
currently anticipates completion in Fiscal Year 19B9. 
Implementation is dependent upon the budget appropriations of 

4. Northern California 

Fiscal Year 1984 saw the creation of the San Francisco Bay Area 
Regional Earthquake Preparedness Project (BAREPP), which will 
implement the workplan developed through the efforts of the 
previous Bay Area Earthquake Study (BAES) to survey and define 
current earthquake hazard planning and preparedness needs and 
priorities. Particular emphasis is being placed on developing 
and implementing preparedness projects and identifying mitigation 
opportunities for critical tacilitias, high-rise structures, and 
lifelines. This program will benefit from SCEPP's experience and 
materials and is expected to Include similar participation from 
the public and private sectors. 

5. Honolulu, Hawaii 



Digitizecoy Google 



complete a study of earthquake losses in the Honolulu area. With 
additional funding in Fiscal Year 1961, the State conducted 
vulnerability studies of critical facilltleSr lifelines, and 
other major hazards. Fiscal Year 1982 funds were used to develop 
planning guidance and begin development of a State earthquake 
response plan. This plan was completed in Fiscal Year 1984. 
Current vork in Hawaii involves conducting workshops to Increase 
awareness of the plan, preparation for an exercise of the plan, 
inplenentation of a public awareness program, and development of 
statewide mitigation strategies/ including seismic building 
provisions. 

6. Salt Uke Cityf Utah 

Early efforts Included the preparation of a loss study in 1976, 
and a Federal response plan in I97S. With Fiscal Year 1961 
funds, the State prepared guidance for the development of local 
response plana for the counties of Salt Lake, Weber, Qavls, and 
Utah. Fiscal Year 1962 funding was provided to Utah to initiate 
development of operational plans foe earthquake preparedness and 
response in these counties. Subsequent tundinq was directed 
toward development of a five-year earthquake preparedness program 
for the State and completion of the four-county earthquake 
response plan. Current work is focusing on the detailed 
integration of the State response plan with Chose of each oC the 
involved counties, and with all other relevant State agencies- 
Mutual aid agreements and table-top exercises will be other 
priorities. 

7. Central United States 

The central U.S. planning area, defined as the area which would 
experience damaging intensities from seismic events equal to the 
Hew Hadrld event of 1811-12, encompasses all or part of 21 
States. Severe damages would be expected in seven of those 
States. These States [Arkansas, Illinois, Indiana, Kentucky, 
Hlssissippi Kissourl, end Tennessee) formed the Central U.S. 
Earthquake Consortium (CUSEC) in November 1983. CUSEC was funded 
by PEKA in Fiscal Year 19B4 primarily to coordinate the inter- 
state needs of these states in earthquake hazard reduction. 
CUSEC's first goal was to Integrate each State's Independently 
formulated oiultlyear earthquake workplan (funded In Fiscal Year 
1963) into a comprehensive and coordinated plan for the seven- 
State area. Current work Includes initiation of vulnerability 
studies for lifelines and critical facilities, identification of 
medical and mass care needs and delivery mechanisms, and 
development of a strategy for public awareness. 

8. Charleston, South Carolina 

The South Carolina "Seismic Safety Consortium" was formed by 
local Initiative late in Fiscal Year 1982. A workshop was held 
by the Consortium in Kay 1982 and a white paper on the seismic 
threat to the southeastern United States with emphasis on South 
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Carolina was issued. Fiscal Year 19B2 funds were provided to 
coiqilete a task analysis, a needs assessnent, and an inventory of 
existing data required prior to the conduct of the first phase of 
a vulnerability analysts. The inventory will be completed In 
Fiscal Year 19B5. Preparedness planning will begin in Fiscal 
Year 1966 and b« completed In Fiscal Year 1987. Mitigation 
planning will be conducted in Fiscal Years 1986 through 1990. 

9- Boston, Massachnaetts 

The •astern NassachiisettB risk asaessment, completed in Fiscal 
Year 19B4 hHE provided Isoseismal maps detailing high-intensity 
areas. With the aid of the uses, a methodology is being 
developed to assess damage to structures. The establishment of a 
seismic safety panel for the N«w England Region is also in the 

10. Hew York State 

In Fiscal Year 1985 FEHA is funding a planning council to define 
the specific activities for this area. The council, which 
consists of representatives across the full societal spectrum, 
will have Its planning affected by such factors as the 
availability of geotechnical information and the degree of 
support State and local governmental declsionmakeirs and others 
will provide. Vulnerability assessments are also planned to 
conmence in Fiscal Year 1985, preparedness planning in Fiscal 
Year 19S7, and mitigation planning in Fiscal Year 1999. 

11. Puerto Rico 

In Fiscal Year 19S4, Puerto Rico Initiated an earthquake 
vulnerability analysis by examining seismic haiard models from 
the National Geophysical Data Center In order to select a design 
event. The analysis is being conducted at the Center for 
Engineering and Environmental Research (CEER) at the University 
of Mayaguei. In April 1984, Puerto Rico presented preliminary 
findings at a FEHA/USGS worksh<9 funded by FEHA. The study is 
•xpected to be completed this year. Preparedness planning is 
scheduled for Fiscal Years 1986 - 19B8, and mitigation planning 
for Fiscal Years 1989 - 1990. 

12. Virgin Islands 

In Fiscal Year 1983 the Virgin Islands Office of Disaster 
Preparedness initiated an earthquake hazards planning program. 
In Fiscal Year 1984, a planning council selected a design event 
and identified critical facilities on St. Thomas, St. Croix, and 
St. John. In April 1964, information on the status of the 
assessment was presented at a FBMA/USGS workshop for which FEHA 
provided funding support. The vulnerability assessment is 
expected to be complete this Fiscal Year, with prepairedness 
planning to take place in Fiscal Years 1986 - 1988, and 
mitigation planning to be conducted In Fiscal Years 1989 - 1990. 
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III. FEDERAL RESPOMSE PIAMNIHG 

State and local resources will be inadequate to respond to the 
effects of a catastrophic earthquake. To save lives and provide 
for basic human needs, response from the Federal Governnenti both 
from the local geographic area and the entire Nation, will be 
required. Consequently, in recognition of the Increasing threat 
of a catastrophic earthquake in California as well as the 
possibility of catastrophic earthquakes in other areas of selsnlc 
risk throughout the Nation, FBHA initiated In Fiscal tear 1982 a 
response planning effort that Involves the entire Federal 

As a mechaniaiD an which to build a base for Federal response to a 
catastrophic earthquake, the Subcominittee on Federal Earthquake 
Response Planning was established under the auspices of the 
triteragency Coordinating Committee. The Subcommittee, farmed in 
August 1982, is chaired by FEHA and now involves 24 Federal and 
private agencies with identified capabilities and resources to 
contribute to a disaster response effort. 

In Fiscal Year 1984, a third draft of the National Plan for 
Federal Response to a Catastrophic Earthquake was issued. The 
plan provides a national-level organizational structure to 
support Federal regional assistance to State and local govern- 
nenta. In addition to the basic plan, which focuses on policies 
and assignment of responsibilities, the plan Includes 13 annexes 
which describe emergency support functions required for Immediate 
action to protect lives and property. Including responsibilities 
assigned to many agencies previously not actively involved In 
disaster responSE or assistance, the focus Of the plan is on 
support immediately after a disaster occurs - a period during 
which the Federal Government usually has only a limited role. 
The plan creates a framework for Federal response under the 
provisions of the Disaster Relief Act of 1974 (Public Law 
93-268), that is adaptable to any catastrophic event where 
Federal resources are needed at once to save and protect lives. 
Though still in draft form, the plan serves as an interim 
operating guide for Federal agencies to use should a catastrophic 
earthquake (or other hazard) strike before follow-on regional 
planning is completed. 

The third draft of the National Plan was the focus of a ?EKK 
sponsored two day tabletop exercise named RESPONSE B4, which was 
based on a simulated catastrophic earthquake on the southern San 
Andreas Fault. The lessons learned from RESPONSE 84 have now 
been incorporated into the fourth draft of the National Plan. 
This revised plan will be tested in exercise RESPONSE 85, 
scheduled for June 18-20, 1985, in conjunction with the FEMA 
Region IX (Ean Francisco) Earthquake Response and Assistance 
Plan. In this coordinated effort. Federal agency representatives 
will have the opportunity for the first time to address issues 
and support that State and local governments would require 
Imnediately after an earthquake. 
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FutuEe work will initiate developtnent of Federal regional plana 
to support the national Federal response to catastrophic events, 
and include exercises to maintain anil update the National Plan 
and internal agency procedures. 

IV. MITIGATION ftND MLXTIHAgARD PREPftBEDNESS PLANNING 

Until now earthquake preparedriess planning has been conducted 
with an exclusive concentration on reducing deianlc risk. 
Hcweveri aeisnically hazardous areas are also prone to other 
disasters as well. Earthquakes also Crigqer multiple and 
siMUltaneous disasters, such as fires, floods ftom ruptured dans, 
landslides and toxic spills. For areas where earthquake 
recurrence periods ace long and current seisin c ty is low, 
«arthquake preparedness aeasures may be politically and 
economically feasible only if combined with those to reduce other 
hazards. 

FEHA la attenptlng to develop and isplement a scientifically 
sound methodology for comparing and ranking hazards within a 
geographical area and across some uniform geographical area such 
as a county. The effort consists of two initial tasks. The 
first Is a literature search to identify the most accurate, 
usefuli and current sources oE infotmatlcr on hazard character- 
istics such as frequency of occurrence and aiagnitude of 
consequences. The second task is to determine the feasibility of 
developing a methodology for cross-hazard analysis and risk 
assessaent using the various hazard characteristics available In 
existing data bases. 

If a cost-effective methodology appears feasible, work would 
likely proceed on refining the methodology, collecting necessary 
Information, and incorporating the methodology into FEMA's 
current Hazard Identification, Capability Assessment, and 
Multi-Year Developnent Plan process. 

Utah Multihazard Project 

Another objective of FEHA's Is to develop and implement 
multihazard preparedne^sE planning activities by initiating and 
supporting prototypical tasks in selected geographic areas. This 
is a key part of the total program, and Its goals and tasks 
nust use similar terminologies and procedures common to 
earthquake haiard reduction, such as land use, construction 
standards, preparedness, response, and recovery. 

A aultihazard approach to planning is underway in the Ogden, Utah 
area to assess the combined risks from seismic hazards, dan 
failure, and floods. This prototype activity is expected to 
provide cost-effective and nsnageable preparedness strategies and 
re comae n da t ions for short-term loitigation of existing hazards and 
for long-tem land-use planning to avoid them. 

Based on these results and other considerations, sutdi as the 
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availability of funds and the strength o£ local partlclpationi 
other miltihazard planning projects will be conducted. All of 
these new tasXs are expected to be tcansferablei with approvriat« 
modification, to other high-risk areas. They will focus on 
urgent problems such as the siting of critical facilities in 
hatardous geologic and hydrologic lones. and the storage of 
hazardous materials in structures or disposal sites In 
flood-prone aceast or In regions of geologic instability. 

BanXing and Insurance Industries - Mitigation Roles and Seismic 
t-rotection . ' — ___ 

Because of the critical functions that financial institutions 
perform In an industrialixed society, they need to be examined 
from two points of view: (1) as agents for bringing about 
abateaent of seismic risks through their loan and related 
activities! and (21 as institutions, the continuing functioning 
of which is vital to restoration oC community life after a 
damaging earthquake. FEMA is undertaking a two-pronged effort to 
examine both aspects of these two Industries. 

Some preliminary work was done In examining the role of banking 
and insurance as agents of seismic mitigation when PENA was 
first formed in 1979. It has wecy recently been reviewed and 
judced to form an adequate basis for further examination. The 
objective is to reach policy-oriented conclusions as to what 
feasible mitigation roles can be performed by these two 
industries and what role, if any. can the public sector perform 
both at the State and Federal levels. In these investigations, 
legal and regulatory constraints are undoubtedly significant, 
so FBHA is at present seeking -the advice and analysis of legal 
experts. The goal Is to reach policy conclusions by the end of 
Fiscal Year 1986. 

A private consortium is already planning to examine one aspect 
of the seismic vulnerability of the banking and insurance 
Industries namely that of data processing facilities, 
equipment, and personnel. FEHA is considering the feasibility 
of expanding this analysis to include other significant 
operational aspects, if any; and joining this private-sector 
Initiative In its analytical and technology transfer 
activities. A joint role with HSF is under consideration for 
this expanded examination. Results are expected toward the end 
of Fiscal Year 1986. 

V. EARTHQUAKE EDUCATIOK AMD INFOSMATIQH TRANSFER 

The Earthquake Hazards Reduction Act calls for 'improved 
mechanlsPDS ... to translate existing information and research 
findings into reasonable and usable specifications, criteria 
and practices so that individuals organizations, and 
governmental units may make informed decisions and take 
appropriate actions 
conducting an activ< 
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information transfer. At the end of Fiscal Year 1964, FENA 
conpleted the development of a nultiyear earthquake education 
Management plan. It has had substantial input from Federali 
State> and local governments, volunteer agencies civic 
organliations, educators, and researchers. The plan reflects 
th« contributions of SCEPP and other earthcguaKe projects, 
FEMA's prototype community outreach projects and pilot courses, 
and short- and long-term marketing and media campaign 
strategies Finally, this plan clearly identifies milestones 
and azpacted accomplishments to facilitate analysis, 
evaluation, and Identification of future funding prlorltlai. 

Coawunity Outreach 

This effort facilitates outreach programs through existing 
State and local public and private safety offices] the American 
Red Cross (ARC); schools, colleges and universities; 
community -based organizations; and youth and religious groups 
to enhance dissemination and use of earthquake education 
materials. 

In August 1983, FBHA awarded funds to support, through Fiscal 
year 1986, two pilot Earthquake Education Centers' (EECs) - one 
at the Baptist College In Charleston, South Carolina, and the 
other at the Tennessee Earthquake Information Center in 
Me^his, Tennessee. These institutions, which hav« been 
monitoring seismic networks, are viewed t^ the scientific 
coMMinity, State and local emergency managers, the medlSf and 
the public as authoritative providers of earthquake 
Information. 

EEC activities focus on developing and testing a variety of 
ways to increase community access to information on earthquake 
risk and to Improve individual and community capability to 
carry out life-protecting actions during and following an 
earthquake. Planning approaches Include establishing an 
advisory board composed of community representac iues and 
Region State and local emergency services officials; 
recruiting and training a cadre of community outreach 
volunteers; and modifying existing products to address regional 
aelsmic risk and to reflect users' language/style and levels of 
understanding. 

In September 1983, FEHA awarded funds to the University of 
Washington, through the State of Washington, to develop a 
compretiensive earthquake safety and education program for 
schools in Seattle. This 3-year pilot project is designed to 
reduce the vulnerability of the school population to the 
life-threatening consequences of future earthquakes and to 
i^irove students' knowledge and understanding of earthquake 
causes, effectsr hazards, and preparedness measures. 
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of Multihalard education prograins. To this end, F£HA initia 
a series of competitive challenge grants to stimulate local 
public information demonstration projects] provided a grant 
the Children's Television Workshop, producer of TV's Sesame 
Street , to develop s multihazard program for youth? and 
Initiated a series of emergency information exchanges. This 
lattet activity will bring together ARC, State and local 
emergency personnel, private industry, and trade groups to 
stimulate cooperative multihazard awareness efforts and 

• capability to deal with citizen information needs. 



This «£fort is intended to enhance the transfer of hazard 
reduction information to specific users through workshops and 
speci-al courses. Hith U5GS, FEHA sponsors workshops designed 
to increase the hazard awareness of elected officials and 
influential public and private policymakers in high-risk 
areas, since 1981, workshops have been held in Puerto Ricoi 
the Virgin Islandsi Hew York Stats; Boston, Massachusetts; 
KnoKville, Tennessee; St. Louis, Missouri; Little Rock, 
Arkansas; Charleston, South Carolina; and Salt Lake City> 
Utah. Future workshops are being planned for Puerto Rico, 
Anchorage, and Los Angeles. 

FGHA also sponsoirs additional conferences to facilitate 

information transfer On November 1-3, 1983, the Washington 
State Department of Emergency Services and the Western States 
Seismic Policy Council (WSSPC) hosted a National Seismic Policy 
Conference in Seattle This conference, supported wholly by a 
grant from FEMA, was designed to bring together representa- 
tives from the States and Territories (about 44) that are 
subject to high to moderate seismic risk to discuss i^omnion 
problems, exchange information, and promote the adoption of 
earthquake rlslc reduction programs throughout the Nation. It 
represented the first inajor attempt to disseminate knowledge, 
techniques, and lessons learned to all States and to transfer 
project materials from ongoing State projects. As such, the 
conference paved the way for future strategy planning 

In cooperation with the WSSPC and with funding from FEMA, the 
Central U.S. Earthquake Consortium conducted a National 
Earthquake Conference in St. Louis, Missouri, on June 2-5, 
1964. The conference focused on (1) the vulnerability of 
lifelines to seismic events, (2) medical and mass cace needs 
associated with a seismic event, and (3 J the role of private 
industry in earthquake hazards reduction efforts. 

Hazard Specific Courses 

In Fiscal Year 1982, FEMA provided funds for the first In a 
series of special topic courses on hazard mitigation. This 
course, entitled 'Earthquake Hazard Mitigation for Utility 
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Lifelines,' Is intended to provide city and county public works 
directors, engineers, utility company and special district 
officials, and others with information on how to: (1) assess the 
potential impact of earthquake hazards on utility systema, (2) 
lessen the effects of -grcmnd shaking On critical components of 
these systems, and (3) develop procedurEs to hasten systein 
recovery following an earthquake. This course, tested in the San 
Francisco Bay Area in April 1983 and modified in Fiscal Year 
1984, will be deployed as appropriate in the future. 

Special courses will be developed In the future to address such 
topics as earthquake fire hazards in high-rise, high occupancy 
buildings and non-structural earthquake hazard nitlgation for 
hospitals. 

Southern California Earthquake Preparedness Project 
(SCEPP) Prototypical Materials 

SCEPP was designed to produce prototypical earthquake 
preparedness educat onal and planning materials that would be 
transferable to other high risk areas of the United States;, in 
addition to its goal of stimulating increased preparedness within 
the five county region around Los Angeles. In 19S4 SCEPP 
delivered to feha the products it had developed since its 
creation in 1980. These products consisted of comprehensive 
earthquake preparedness planning guidelines for cities, counties, 
and corporations; and manuals, brochures, and slide-tape shows 
designed to provide earthquake planning and preparedness 
information both technical and non-technical) to a wide range of 
audiences ijicluding local government elected and appointed 
officials, the general public, the school community [children, 
teachers, a*aministraCors and parents), the disabled, the 
Spanish -speaking, business and industry, etc. FEMA has reviewed 
these materials to determine how transferable they are to areas 
outside of southern California and to deterinine the most 
effective means of disseminating them to other areas. Ue are 
currently beginning the process of reproducing the materials in 
appropriate formats, and expect to have them available for 
distribution later this year. We expect, based upon SCEPP's own 
research and the comments we received during the review of the 
products, that the materials will be well accepted for use as 
models, which will then likely be adapted by various States, 
agencies, and organizations for their own particular use and 
audiences. The availability of the SCEPP materials is a major 
advance in the status of earthquake education and Information 
transfer. 



The intent of this narrative has been to provide an overview of 
the range of activities that are part of the NEHRP. The 
progranis broad in scope and involves many dlsciplinesi geology, 
geophysics, seismology, architecture, engineering, law, 
economics, and the social and behavioral sciences, to name a 



Digitizecoy Google 



f*w. Tha purpose and goal of th* Earthquake Batards Reduction 
Act, the reduction of lose of life and pr^erty fcom future 
earthquakes, can be achieved only with the coMbined participation 
and cooperation of private individuals and organisations, 
business and industry, academlai the scientific community, 
neighborhood groups, and agencies of local. State and Pedaral 
govetnDent. 

As the preceding narrative has described, much has bean 
accomplished in the years since passage of th* Act. 
laportantly. In many parts of the country, there is a such 
greater awareness of the hazard posed by earthquakes, as well as 
a better understanding that it is possible to reduce these 
hasards. 

The progress and accomplishments achieved to date are significant 
and manyi they should not, however, obscure the fact that there 
is much remaining to be done. More knowledge la needed In the 
fields of seismology, earthquake prediction, earthquake 
engineering, and societal response to hazards and disasters. 
Continued effort la needed to Implement the results of research 
through codes and standards of practice In preparednesSf 
response, recovery, and hazard mitigation, so that th* suffering 
and lasses caused by earthquakes can be reduced. PBNA looks 
forward to Its continuing role in this effort. 
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[The following information was subsequently received for the 
record:] 

QuBsnoM OF THE Chaismam and the Answeb 

Queetion. In my Sute of Missouri, we are naturally concerned about the potential 
for catastrophic earthquakes. Can each of you comment on how your ageiu^ has re- 
duced the hazard of a potential earthquake along the new Madrid Fault? What re- 
search have you done in this area? And what more should be done under the Earth- 
quake Hazards Reduction Act? 

Answer, The Federal E!mergency Management Agency's (P'EMA) primary efforts 
in reducing the earthquake hazard along the New Madrid Seismic Zone are aimed 
at (1) developing increased levels of preporedneaa, response, and mitigation capabili- 
ties within State and loi:»l government and in the private sector; and (2) increa«ng 
the awareness and knowledge of all sectors of society as to earthquake phenomena 
and hazards and ways to reduce their adverse consequences. The C entra l United 
States Earthquake Preparedness Prcgect (CUSEPP) was established by FEHA to im- 
plement these objectives in the central United States. 

The New Madrid Seismic Zone is the moat seiamically active area in this region; 
therefore the range of its possible elTects defines the current area included in 
CUSEPP. The U.S. Geological Survey has estimated levels of ground shaking which 
could occur in the central United States from an earthquake event anywhere along 
the New Madrid Seismic Zone. While 21 States are potentially affected, this delinea- 
tion of ground shaking intensities clearly shows the States of Arkansas, Illinois, In- 
diana, Kentucky, MissiHsippi, Missouri and Tennessee to be the most vulnerable to 
eartitquake damages. CUSEPP, therefore, presently concentrates its efforts in these 
seven States. 

FEMA, through CUSEPP, is providing fmancial and technical assistance to these 
States, both individually and as a multistate area. This assistance provides for the 
following activities: 

(a) file identification and estimation of earthquake hazards (ground shaking, land- 
slide, and liquefaction) from the New Madrid Seismic Zone; 

(b) The estimation of casualties and losses, based upon hazard identification; 

(c) The development of State Seismic Advisory Boards to identify long range plan- 
~'~e and task needs, using input from experts m the range of societal and technical 



^de; 



<d) Tlie conduct of conferences and other forums to educate the public about the 
earthquake hazard and means to address it; 

(e) "nie preparation and dissemination of public awareness/education materials; 

(f) The initiation of preparedness, mitigation, and response planning. 

In recognition of the multistate nature of the effects of an earthquake along the 
New Madrid Seismic Zone, the emergency management agencies of the seven States 
formed the Central United States Earthquake Consortium (CUSEO. CUSEC ad- 
dressee the multistate issues inherent in CUSEPP implementation. 

This non-pro fit or ganization requested FEMA support to conduct its activities and 
in April 1%4, FEHA contracted with CUSEC to <1) establish an operating office 
with an Executive Director and staff; (2) conduct a national earthquake coi^erence 
to discuss the issues most import ant to CUSEC; and <3) develop work plans for FY 
85 and FY 86-90 identifying CUSEPP efforts to be carried out by the States and 
CUSEC. CUSEC is currrotJy funded through November 1985 and its operating office 
ia located in Marion, Illinois. The Executive Director is Mr. E.E. Jones, formerly 
El merg ency Services Director for the State of Dlinois. 

FEHA's role in the National Earthquake Hazards Reduction Prcgram (NEHRP) 
does not include the condu rt <rf research activities. However, as explained in m^ 
oral and written testimony, FEMA's NEHRP efforts do include activities which ut^ 
lize research results to orovide high risk areas with the technical basis upo n w hich 
to impleiDent earthquake hazard reduction efforts. An example of this is FEBlA's 
effort to provide seismic resistance standards and criteria for structures. Another 
example consists of pilot projects in community outreach techniques. One of these is 
an earthquake education center located in IMemphis, Tennessee. These activities 
demonstrate that most of FEMA's efforts wilt benefit earthquake hazards reduction 
not just in individual high risk areas but in other high risk aisas throughoot the 
Nation- 

Much of FEMA's earthquake hazard reduction effo rts must be based upcm the col- 
lective efforts of each of the NEHRP agencies. FEMA believes, therefore, that the 
recently OKnpleted NEHRP Five-Year Plan repreamta the best statement of neces- 
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aary future effort. It sbould be noted that CUSEC, as part of this overall plan, is | 

tasked with refinement of work plan elements of CUSEPP for FY 86-90. While this i 

plan is currently in draft form, when complete it will identify and prioritize needed f 

tasks for CUSEPP while providing the seven States with a formal means of identUj' I 

ing future earthquake hazard reduction activities. 1 

QuEsnoNS OP Senator Gorton and tmb Answers \ 

Question. Has FEMA or OMB assessed the impact of choosing funding levelt 
lower than those recommended by the Independent Review Panel (their "B leveiTi^ 
Will the lower budget levels reduce or slow down the level of preparedness f«i 
earthquakes? Has their been any analysis to estimate how much damage or loss <^ 
life could result from lower budget levels? If not, why not? 

Answer. The principal consideration resulting in the Administration's deciaioi^ to 
choose the projected budget levels reflected in the National Elarthquake Hazards Brfc 
duction Program (HEHRP) Five- Year Plan, Fiscal Years 1985-89 is the overwhelJMii- 
ing need to reduce the Federal Budget deficit. Therefore, a quantitative analysis ^^'JU 
not undertaken to estimate how much damage or loss of life could result from alt^sr 
native funding projections. 

Within the context of the entire NEHRP, the activities delineated by the five pro- 
gram elements of the Five-Year Plan represent the best combination of activities for 
the nation as a whole to reduce earthquake induced losses. However, since prepared- 
ness planning offers the most immediate short-term payoff to reduce losses, it 
should be noted that the total budget projection associated with the "State ami . 
Local Preparedness Planning" objective of the program element "Preparednett | 
Planning and Hazard Awareness" is actually 40% higher than the estimate provid- 
ed by the Independent Panel's Level B Plan. This is a recognition by the Federal 
Emergency Management Agency of the fundamental and liferent role that State I 
and local governments play in preparedness planning for all hazards, including 
earthquakes. When this increase is balanced against the projections for the other 
five objectives comprising the "Preparedness Planning and Hazard Awareness" pro- 
gram element, the nation's capability to prepare for the earthquake threat will be 
minimally afTected. However, the net impact resulting from the Five-Year Plan's 
lower total budget projection for the five year period will result in the entire range 
of activities identified in the other four program elements of the Plan being accom- 
plished at a slower rate when compared to the Independent Panel's Level B budget 
estimate. It is FEMA's view that the emphasis placed on State and local prepared- 
ness planning will have the effect of reducing the loss of life and property destruc- 
tion when a serious earthquake occurs. 

Question. A recommendation of the Independent Review Panel that was not incoi^ 
porated into the 5- Year Plan was that there be a small fund set aside for post-disas- 
ter investigations. Were there ample funds available for investigating the Chilean 
earthquake? If so, where did these funds come from? 

Answer. There were sufficient funds to assemble and send a multidisciplinary 
team to assess the damages of the Chilean earthquake. The team was sponaored 
Jointly by the Earthquake Engineering Research Institute (EERI) and the Commit- 
tee on Natural Disasters of the National Research Council, National Academy of 
Science. The team consisted of 12 experts headed by Mr. Loring Wyllie of the firm 
of H.J, Degenkolb Associates of San Francisco. This portion of EERl's activities ia 
funded by the National Science Foundation (NSF); the Academy Committee is 
funded jointly by the Foundation Oceanic and Atmospheric Administration, the 
Federal Emergency Management Agency and NSF. 

Question. Have any preparedness plans or vulnerability studies considered the 
possibility of earthquakes causing chemical plants to fail and causing a Bhopal-tjtpe 
of accident? 

Answer. The possibility of earthquakes causing chemical plant* to fail is ad- 
dressed in several ways in the earthquake vulnerability studies and preparedneOB 
plans supported by the Federal Emergency Management Agency (FEMA). This type 
of situation is best covered by FEMA a Integrated Emergency Management System 
(lEMS), lEMS identifies the functional elements of emergency management that are 
common to the full range of both natural and technological hazards. 

These functional elements fall into the categories of mitigation, preparedness, re- 
sponse and recovery. Some of these functional elements are direction and control, 
emergency communications and warning, population protection, hazard analysis 
and mitigation, and public information and emergency education. The lEMS process 
for any particular jurisdiction involves an initial hazard identification, vulnerability 
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, and • mnltijww plMming process to imprww 

emer^enrv maiiagETDeiii cBpabilioee 

In t±ie ham of an eartbguakf aiasaig the failure of s chemical plant, the huard 
jAj^i Tifiraiiitm procese would dcBcribe the earthquake threat to the particulaT area. 
T^ie BUBce?ni)ility of any chemical plants lor crther potentially hazardous fedlities* 
to eaoTiiqaake caused damage or feilure wouid be identified during the vulnerability 
iiiiM wiiiii III In addition, when the primarr hazard of chemical spills or t«)«s9bs is 
bemg omEidered by the emergency managetnenl authonties of a given localit>', they 
diould coiiBideT the occurrence of tbeae inddents a$ the result c^ an earthquake. 
FKMA'e Planning Guide and Cboctlisl for Haiardous Materials Contrngencj Plans. 
,h»igned to a^tsl Stal* and local officials to develop such plaits, addresses ttt* need 
for planning for hazardous materials incidents that result from damage caused by 
^utbquakes and olher uataral haianJs. The document also encourages oflicialE to 
pay particular atlentjoti to ihose facilities thaX are located in areas vulnerable to 



Tbe piBcediiig descr2>es the management of earthquake caused failure of chemi- 
cal plani£ by the appn>priaXe units of government (generally Slate and locali. An 
incideitt that is beyond the c^iability of a State to deal with would most likeW 
Insult in a request for Federal assistance. It must be recognized that a substantia 
area rf responsibility lies within the private sector as well. Owners and operators of 
chemical planl£ must be cxjgnizant of the range of hazards these facilities are sub- 
ject to; earthquakes are but one of several. 

In the abeence of Federal or State regulation of these plants relative to multiha- 
zard pr^iarednesE. response and mitigation planning, the strategy FEMA uses to 
prevent or mitigate such events is to strongly encourage cooperation, communica- 
tion, and mutual planning between the owners and operators of such facilities and 
the emergency management officials of the appropriate local or State governments. 
In the Central United States, the Dupont company is involved in the earthquake 
preparedness activities of Memphis, Tennessee, and has established ties with the 
Tenaeseee Seismic Advisor^' Panel. In St Louis. Missouri, Monsanto has become in- 
volved in the earthquake preparedness effort. In California, the existence of the 
Business and Industry Council for Earthquake Preparedness attests to the commit- 
ment of private corporations to earthquake preparedness. Also, the current Chair- 
man of the Po hcy A dvisory Board of the Southern Caiifomia Earthquake Prepared- 
ness Project (SCEPP) is an official of the Atlantic Richfield Company. While not a 
chemical company per se. it is a company the facilities of which could be seriously 
damaged by an earthquake and cause significant harm to both people and the envi- 
ronment. Ita involvement with SCEPP is an example of the public-private partner- 
ship that FEMA considei^ essential to the management of the type of incidents re- 
ferred to in your question. 

Question, Our review of FEMA's National Plan for Federal Response to a Cata- 
strophic Earthquake (Draft Number Four> raised concerns about several aspects of 
the plan. 

Answer. A general statement about the National Plan and its intended purpose is 
necessary before we address the specific questiorts raiaed. Draft Number Pour of the 
National Plan represents the collective efforts of FEMA and 23 other Federal agen- 
cies and is one of the major milestones in an interagency planning and exerciaing 
effort which began in early 1983. A Washington-area tabletop exercise, named RE- 
SPONSE 84, was held in August 1984. Some of the "lessons learned" from the exer- 
cise have been incorporated into Draft Four; other lessons need to be further ex- 
plored in conjunction with r^onal planning efforts. 

The National Plan is primarily concerned with life-saving and life-protecting ftinc- 
tions and the national level support to regional Federal agency operations aa they 
support State and local efforts during emergency operations, under the provisions of 
PL 93-288. the Disaster Belief Act of 1974. A primat^ agency and support agencies 
have been identified for specific functions so that additional planning can be carried 
out in sitespecific earthquake risk areas to ensure availability of Federal resources 
when required in an immediate response environment a a result of a Presidential 
major disaster declaration. 

The specific emergency support function groups lESFG) represents FEMA's au- 
thority and responsibility to task other Federal agencies; through the national-level 
planning effort and follownsn regional planning, these agencies are better prepared 
to perform "mission assignments" during emergency response. In addition to the 
ESFGs. the National Plan establishes the Catastrophic Disaster Response Group 
(CDRG) as a forum for representatives of all Federal agencies to meet, discuss, and 
coordinate national level concerns and support other impacted area. A FEMA oftl- 
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cial chairs the CDRG to TulfiU PEMA'a responsibilitaa as the lead agency for coordi- 
nation under E.O. 12148. 

R£«ion Vm (Denver), Region IX ISan Francisco), and Region X (Seattle) also have 
developed earthquake reaponse plans with their Federal ageni^ counterparts for 
specific earthquake risk areas in their r^ons. The FEMA Region IX Earthquake 
Response and Assistance Plan identifies those specific functions intended to support 
response to a catastrophic earthquake in California. 

The National Plan and the R^on IX Plan will be tested in a major exercise, 
names RESPONSE 85, scheduled for June 18-20, 1985. A summary sheet discussing 
the scope, purpose, and objectives of RESPONSE 85 is attached for information. 
This exercise is the first in a series of coordinated exercises intended to improve the 
ability of all levels of government to respond to the efforts of a catastrophic earth- 
quake. The results of RESPONSE 85 will be documented in an after-action report 
and will form the basis for continuing and improving Federal response plans. 

Qu£stion. We found only one brief reference in the plan to the dissemination of 
public information. Is this adequate in view of the fact that getting reliable informa- 
tion to the public has been a major problem in many disasters? 

Answer. Public information was not specifically addressed in the National Plan 
because release of public information is a coordinated effort that needs to be devel- 
oped for purposes of all disasters, to support all levels of government in the disaster 
area. Efforts independent of the interagency National Plan (which has as its focus 
the specific resources and national assistance required to support regional opei^ 
ations) are underway to improve dissemination of information to the pubhc. One 
such effort is development of a Joint Information Center (JIC) concept and system, 
which uses a catastrophic earthquake event as the basis of its design, but it is in- 
tended for use in any major disa^r. 

The Region IX response plan includes an annex on public information, which will 
be evaluated during RESPONSE 85. Staff in Region IX have been involved in devel- 
opment of the JIC concept and will incorporate this effort into revisions to the 
Region IX plan. 

Question. We were unable to determine how decisions would be made in the event 
of a catastrophic earthquake. Does the Director of FEMA or the chairman of the 
CDRG make decisions at the national level? Or are decision made by Committee 
vote? Are any decisions made at the ESFG level, and if so, by whom? Who has the 
authority to allocate constrained resources at the regional level? How could national 
security considerations change the decision-making? What are the reporting meth- 
ods for passing vital information to the decision-makers? 

Answer, Requests for State assistance will be made to the FCO who will identify 
the appropriate Federal agency authority to address the need and coordinate the 
delivery of assistance. If the authority and resources to meet the State request are 
within existing authorities of another Federal agency, the FCO will direct the re- 
quest to that agency. If no other Federal agency has existing authority and re- 
sources, the request will be directed to the FEMA R^onal Director who has dele- 
gated authority under P.L. 93-288 to task and reimburse other Federal agencies to 
provide the disaster assistance. 

The plan is constructed in functional areas and pre-assignmenta are made to Fed- 
eral agencies at both the r^onal and national levels to carry out requests from the 
State for assistance within these functional areas. Decisions to allocate resources to 
meet the State requests within each of the functional areas are the responsibility Of 
the regional primai? agency of the functional assignment as supported by the ap- 
propriate national level ESFG when resource needs exceed the regional supply. 
When State requests place demands for resources that exceed those available within 
given functional areas, the FCO will make decisons in consultation with the Stata 
Coordinating Officer on prioritization of Federal resource allocations. The FCO will 
report these decisions to the Chairman of the CDRG who will direct the other Fed- 
eral agencies' resources on a nation-wide basis. 

The FCO reports to the FEMA Associate Director, State and Local Prt^trams and 
support, who is also the Chairman of the CDRG, The FEMA Associate Director, 
Slips, reports to the FEMA Director who reports t4> the President Decisions for pro- 
viding assistance under P.L. 93-288 are vested in FEMA. The authority to coordi- 
nate P.L. 93-288 and other Federal agency authorities and activities to meet disas- 
ter needs is vested in FEMA through the appointed FCO, who is on-scene, and sup- 
Birted at the National Headquarters policy making level tn the FEMA Associate 
irector, SLPS. The operational decision making responsibilities are vested in th« 
seni or field officials. The policy making decision reoponsibilitiss are vested in the 
FEMA Associate Director, SLI%, as supported by the other senior Federal agency 
representatives of the CDRG. 
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Concerns for national security are being addressed outside of the scope of the Na- 
tional Plan for Federal Response to a Catastrophic Earthquake by the Department 
of Defense and others. These agency representatives to the CDRG are responsible 
for informing the CDRG of national security concerns, and would also provide the 
link to the appropriate ofiicials addressing the issue. One particular area being ad- 
dressed by DOD involves preparedness of defense contractors: RECOVERY S5 is 
being conducted as a parallel effort to RESPONSE 85. FEMA project staff work 
cloeely with DOD to coordinate these parallel efforts. 

Supplemental plans and procedures are being developed to support the overall re- 
sponse structures defuied in the National Plan and the Region IX plan, and will be 
evaluated as one of the mutual objectives during RESPONSE 85. 

Question. The National and regional response structure was also unclear to us. Is 
the Federal Coordinating Officer directly responsible to the Director of FEMA? Do 
the headquarters elements of the responding Federal agencies take their orders 
from their respective representatives on the CDRG? How are independent response 
actions of these agencies authorized and coordinated? 

Answer. As indicated above, the FCC is responsible to the Associate Director, 
State and Loc al Programs and Support, FEMA, who in turn is responsible to the 
Director, FEMA, and in turn, to the President. The CDRG representatives provide 
the centralized, coordinating body that is aware of the entire response effort and 
serves as a mechanism to bring to bear all Federal resources, capabilities, and re- 
sponsibilities that can contribute to an enhanced Federal response capability. They 
serve as a conduit to the activities of their own agencies independent of the authori- 
ties and responsibilities assigned to them under the Disaster Relief Act; in BOme 
cases, the agencies would be responding to "orders" at the request of their CDRG 
counterparts or because the information provided to them prompte some action. 

RESPONSE 85 is expected to provide an opportunity to evaluate the overall Fed- 
eral response structure and the improvements to be incorporated into future plan- 
ning efforts. 

Qumtion. Is the plan organized in a way that it can be used off-the-shelf? Please 

Answer. An important part of the plan is the response support structure that is 
established to bring together Federal agency representatives; this structure can be 
put into place by maintaining the notification and activation procedures which will 
be updated periodically. Even in draft form, the plan can be use do form the basis 
for response in areas where follow-on regional planning has not been completed. 

In addition to a catastrophic earthquf&e, the National Plan is intended to support 
response to any major event which would require Federal assistance during emer- 
gency life-saving and protecting operations. The results of RESPONSE 85 will be in- 
corporated into a fmal version of the National Plan, and will contribute to follow-on 
regional response planning. This eflort will ensure that the Federal agency repre- 
sentatives responsible for response planning maintain an active Involvement. 

Qu^tion. Has the plan been independently reviewed? Will it be? 

Answer. On March 4, 1983 a notice was published in the Federal Raster which 
outlined the emergency support functions, policies, planning assumptions, etc., that 
formed the basis of the National Plan. This has been the only opportunity to date 
that the public has had to review and comment; hovrever, ofiicials of the Federal 
agencies involved in the planning effort have had the opportunity to review each 
draft of the National Plan. 

All those who participate in RESPONSE 85 will have the opportunity to provide 
comments and contribute to and improve National Plan. A fmal draft of the plan is 
scheduled to be published in the Federal Register by March 31, 1986 for review and 
comment; this will provide an opportunity for interested parties to review the Plan 
prior to final publication, presently scheduled for June 30, 1986. 
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QuranoNs of Senaior Gore and thr Answers 

Question. A considerable amount of money has been spent by the earthquake pro- 
gram since it was created in 1977. Expenditures this year will total JTO million. 

What have the American people gotten in return for the investment? How much 
prc^reas have we made towards predicting earthquakes, mitigating the hazards, and 
preparing to respond when a major earthquake strikes? 

Answer. One of the basic tenets of the NationaJ Earthquake Hazard Reduction 
Act (P.L, 95-124) and ite aubsequent amendments was to bring together the ongoing 
programB of the United States Geological Survey (USGS), National Science Founda- 
tion (NSF), National Bureau of Standards (NBS) and the Federal Emergency Man- 
agement Agency (FEMA) into an integrated, comprehensive and multi-disciplinary 
national program of earthquake hazard reduction. Since 1977 the integrated frame- 
work established by the Act, along with sufficient funding, has allowed the Federal 
Government to make substantial progress in addressing the nation's earthquake 
hazard. This process is documented yearly through the submission by the President 
of an annual report to the Congress on the National Earthquake Hazards Reduction 
Program (NEHRP) as required by Section 6 of P.L. 95-124. These annual report sub- 
missionB. the most recent one being for Fiscal Year 1984 and transmittaJ to the 
Congress by FEMA in December 1984. provide for a comprehensive accounting of 
the progress being made by the Federal agencies in fulfilling their responsibilities in 
all activities authorized under the NEHRP including earthquake prediction, mitiga- 
tion and response planning. Therefore, the detailed documentation included in the 
annual reports should be considered integral to this reponee. 

A few of the more significBnt accomplishments since passage of the Ekirthquake 
Hazards Reduction Act are: 

There is a much clearer understanding about the nature of earthquake fault 
mechanisms in different parts of the country. 

From historical and geological data, much has lieen learned about earthquake re- 
currence on faults in Uie United States. Methods are being developed for making 
probabilistic assessments of times of increased seismic hazard on a particular fault, 
a step important to the eventual prediction of eartiiquakes. 

A new generation of maps of ground shaking has been prepared for the entire 
United States, providing a much better basis for seismic zoning and building codes 
and for assessing earthquake hazards. 

The understanding of potentially destructive earthquake motions has been signifi- 
cantly advanced by the measurement of ground motions and structural response ob- 
tained during the Imperial County, California, earthquake of 1983. 

State level earthquake hazard reduction programs, which include mitigation and 
response planning components, are underway in all of the major or moderate risk 
areas originally indentified by P.L. 95-124. 

Detailed earthquake loss estimates have been completed for several metropolitan 
areas, providing a basis for better preparedness planning; additional studies are un- 
derway for other communities. 

A "National Plan for Federal Response to a Catastrophic Earthquake" involving 
24 Federal and private agencies has been developed. 

New and improved seismic standards and building-code provisions are being pre- 
pared for consideration by Federal, State, and local governments. The American As- 
sociation of State Highway and Transportation Officials adopted improved seismic 
procedures for highway bridges for national application. 

Improved methods of dynamic analysis are now routinely used to achieve safe, yet 
economical designs of special structures. These include dams, power plants, offehore 
structures, and other facilities. 

Hundreds of professionals, primarily engineers and geoacientists, have been edu- 
cated and trained with the support of tlie Act's research program. 

There has been an expanded program of information dissemination to engineers 
and other practicing professionals, local officials, and the public. Workshops have 
been sponsored in different parts of the country, bringing together businessmen, 
local leaders, government oflicials, and scientists to identify steps that can be taken 
to reduce the earthquake hazards in their regions. This augmented the traditional 
■vrayB (publications and meetings] that research results are transmitted. 

The Southern California Earthquake Preparedness Project (SCEPP), a joint State 
and Federal effort, has brought together many diverse local groups to identify and 
implement measures to reduce anticipated losses during future earthquakes and to 
prepare for possible predictions. This project serves as a model for efforts in other 
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Moreover, in many parts of the country, there is a much greater awareness of the 
hazard poeed by earthquakes, and a better understanding that it is possible to 
reduce the hazards. This awareness has assisted, for eiiample, in the enactment by 
the City of Loe Angeles of a hazardous buildings ordinance. 

Question. FEMA's FY 1986 budget request includes a decrease of S1,000,000 in 
Emergency Management Planning and Assistance. 

What is the reason for this cut? What effect will it have on your activities? What 
effect will it have on the ability of States and localities to prepare for earthquake? 

Answer, In keeping with the efforts to reduce the Federal Budget deficit, the Ad- 
ministration proposes reducing by one-half the increase FEMA received in 1984 for 
the earthquake program. The rationale being that since none of the other primary 
agencies involved in the National Earthquake Hazards Reduction Program 
(NEHRP) received increases this reduction will rebalance this program to those in 
the other agencies and to staff available to manage the program. FEMA's earth- 
quake program activities as reflected in the five-year plan are multi-year efforts. 
The effect of the proposed decrease will be a general overall reduction in the level of 
effort and funding designated for FEMA's projects, thereby extending the period of 
time required to complete tasks. Since FEMA will have initiated State and local pre- 
paredness planning activities in the 12 identified areas of major or moderate risk, 
the effect of the proposed decrease will be a slowing down of State and local efforts 
as these areas proc^d through the earthquake preparedness planning process. On- 
going projects will continue but at reduced funding levels. The ability of States and 
locals to prepare for and respond to potential earthquakes will be somewhat re- 
stricted. Concurrently any initiatives to extend preparedness planning activities to 
contiguous earthquake prone areas wil! not be undertaken. 

Question. Your FY 1986 Budget request includes a cut in spending but an increase 
in "workyears" for the program. Will you explain how you are cutting your budget 
but increasing the number of personnel? 

Answer. The increase of 13 workyears to the earthquake program is not an actual 
increase but rather the formal transfer of funding responsibility for these encum- 
bered workyears from the flood plain management program to the earthquake pro- 
gram. This transfer is being undertaken to more accurately reflect workyear usage 
in FEMA. As FEMA's responsibilities under the National Earthquake Hazards Ra- 
duction Program (NEHRP) increased, additional workyear resources were applied 
both formally and informally to accomplish program objectives. In FEMA's FY 1986 
Budget, these resources previously funded under flood plain management are identi- 
fied as necessary to support the earthquake program. Therefore, a formal request 
for transfer of these positions is being effected through the budget process. The 25 
workyears requested represent the commensurate level of resources needed to sus- 
tain FEMA's responsibilities under the NEHRP. 

Question, You support vulnerability analyses and preparedness and mitigation 
planning activities in a number of high-risk areas. What is FEMA's role in these 
analyses and activities" "" ' '' ' .,■,.,„. i . ..i... ... 

from this process? Ho 
earthquake hazards? 

Answer. FEMA, in fulfilling its responsibility to generate a reduction of earth- 
quake hazards in high-risk areas, supports a range of activities at the State and 
local ievel. These activities include earthquake hazard identification, vulnerability 
assessment based on the hazard identification, preparedness and mitigation plan- 
ning and Implementation, and public awareness/education efforts. Support for these 
activities in State and local areas is effected through financial and technical assist- 

FEMA's role in vulnerability analyses is to fund actual study work. Normally the 
funds are to the State for work performance by a State asencj^ or a contractor. 
FEMA suggests methodologies to be applied and assists the ^te in development of 
the scope of work. While the study is ongoing, FEMA monitors prosress to ensure 
effective expenditure of effort. The end product will be a study whicn discusses the 
impacts of a selected earthquake scenario in terms of estimates of building losses, 
casualties, and lifeline systems availability. Such information allows officials of 
high-risk areas to identifv needed preparedness measures and overall scope of relief 
efforts. The study can ako underscore particularly vulnerable lifelines systems or 
building types and thereby allow for the initial identification of mitigation prior- 

In preparedness planning activities, FEMA again directly funds the State and/or 
local area to prepare the necessary annexes to existing jurisdictional Emergency Op- 
erations Plans. '1 hese plans address the response needs, particular to the earthquake 
hazard, that have been identified through the earthquake vulnerability a ' 
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It is also FE!MA'b role to act as the coordinator and provider of relevant technical 
assistance materials developed within the emergency management and earthquake 
hazard reduction communities. The end products of the preparedness planning proc- 
ess are implementable response plan annexes developed for a specific jurisdiction's 
plan. These plans are then tested and maintained through exercising. 

Ah part of the preparedness planning process FEMA provides funding assistance 
to State and local governments for the identification of mitigation needs, priorities 
and strategies. Once mitigation opportunities are identified, FEMA supports work- 
shops and development of specific materials for educating appropriate sectors (e.g. 
architects, engineers) in mitigation tecimiques. A critical component of this is the 
development and provision of technical assistance materials relative to seismic 
considerations in buildings and lifeline systems. 

These activities, and the others mentioned previously, are undertaken by the 
State and local areas with FEMA funds. This assures that the States are integrally 
involved in all phases of earthquake hazard reduction. Therefore, while FEMA mon- 
itors and tracks progress and provides guidance, so that efforts are nationally con- 
sistent, the end products are State generated and not viewed as Federally imposed: 
this aspect is an important part of ^e "partnership" attitude in earthquake hazards 
reduction. 

Quettion. Next June, you will hold an exertrise called RESPONSE 85 to test exist- 
ing response plans. What will the exercise involve? What do you hope to learn from 
it? 

Answer. RESPONSE 85 will be the fu« exercise in an evolutionary series of co- 
ordinated Federal, State and local exercises intended to improve the collective pre- 
paredness of all levels of government to respond to a catastrophic earthquake. The 
overall purpose of RESPONSE 86 is to exercise Federal earthquake response plans 
Including the fourth draft of the National Plan for Federal Response to a Cat- 
astrophic Earthquake, dated March 22, 1985, and the F^MA Region IX Earthquake 
Response and Assistance Plan, dated May 1, 1984, to determine the adequacy cS 
those plans to suppoil lifesaving and life and property protection efforts. 

RESPONSE 85 will build on the experiences of the California SUte and local ex- 
ercise scheduled for April 18, 1985. FEMA Region IX and other regional Federal 
agencies will participate in a limited deployment capacity and as observers. Federal 
agencies at the national level will receive the simulated earthquake event notifica- 
tion, initiate selected procedures, gather relative data, and begin assessment of Fed- 
eral assistance requirements. The April IS exercise will he considered Day 1 of exer- 
cise RESPONSE S5. 

Exercise RESPONSE 85 will occur June 18-20, 1985, to be followed by a critique 
June 21, 1985. The exercise is a disaster simulation exercise involving local. State, 
regional and national response to a major earthquake on the southern San Andreas 
Fault in California. Twenty-three Federal agencies, together with their regional 
counterparts, as well as volunteer agencies and the State of California Office of 
Emergency Services, other primary State agencies and affected counties will partici- 
pate in RESPONSE 85. 

Throu^ RESPONSE 85 we hope to learn: 

How effectives the National Plan response structure is in satisfying re^onal and 
State support requirements; 

The adequacy of Washington-area communication's and information systems to sup- 
port effective interaction and information exi^iange among Federal agencies and the 
regional offices; 

T1>e adequacy of telecommunication plans to satisfy national-regional interactitm 
in sui^nrt of Stale requirements; 

The effectiveness of coordination of national-level response support efforts; as well 
as the effectiveness of the national-level response structure to obtain, allocate, and 
arbitrate demands for critically needed resources; 

The adetpiacy of procedures for providing public information release and for hart- 
dling congressional inquiries; 

T^ adequacy of the administratian and facility support provided to the inter- 



I follow-<nt to a previous exercise conducted last year, RE- 
SPONSE S4. The lessionB learned during RESPONSE 84 were incorporated into the 
current draft national and regional plans which will be tested in RESPONSE 83. 
After June 21, 1985. each governmental level will prepare an evaluation or after- 
action report which focuses on the specific objectives and issues of interest to senior 
ofGcials at those levels. These after-actitm reports will be used to finali/e planning 
documents and in the conduct of future e: 
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Qutttion. In FEMA's judgment, which specific Federal activities, or combination 
of activities, offer the moat promise for reducing lom of life and property due to 
earthquakes? 

Answer. Within the context of the entire National F.arthquake Hazards Reduction 
Program (NEHRP), the activities delineated in the 5- Year Plan for the NBHRP rep- 
resent the best combination of activities required to reduce earthquake induced 
losses. These activities are explained in more detail in pages 4-7 of my testimoDy 
submitted for the record March 19, 1985, to the Subcommittee. It is FEMA's view 
that each of the activities planned by the agencies of the NBHRP are inter-depend- 



iocal, and private sectors. Preparedness planning is the effort with the short-term 
payoff to reduce loeaes through planning to respond knowledgeably to an area's vul- 
nerability to earthquakes. Mitigation has the long-term payoff in reducing that 
overall vulnerability. 

Senator Gorton. Dr. Speck, I thank you. I believe we will hear 
from the entire panel, and engage in questioning then. So we will 
go to Dr. Peck. 

Dr. Peck, your entire statement will be included in the record. 

Dr. Peck, Thank you, Mr. Chmrman. 

As Director of the U.S. Geological Survey, I am pleased to testify 
at the hearings on reauthorization of the National Earthquake 
Hfizards Reduction Program. 

As you have permitted, I shall submit my testimony for the 
record and make a few brief comments. I will be happy to answer 
any questions you might have for me. 

"Toward this end, I am accompanied by Dr. John Filson, Chief of 
our Office of Earthquakes, Volcanoes, and Engineering. 

About 100 years ago, on September 1, 1886, John Wesley Powell, 
the EHrector of the GeologicEil Survey, sent J.W. McGee to Charles- 
ton, SC, to examine the effects of a large earthquake that had oc- 
curred near Charleston the previous day. 

Today, the Geological Survey continues to maintain its commit- 
ment to the study and reduction of earthquake hazards under the 
aegis of the Earthquake Hazards Reduction Act. 

With proposed funding of over $34 million in fiscal year 1986, 
our earthquake studies represent the largest single program in the 
budget of the geologic division of the USGS. There are over 400 em- 
ployees in the Survey working on earthquake research or related 
activities. About half of these are scientiste and engineers. 

During our current fiscal year, we have a total of 110 contracts 
with universities. State agencies, and private forums for studies 
that complement and extend the work done within the Survey. 
About a quarter of our annual appropriation is used to support 
these contracts. 

The Survey maintains research and data analysis facilities in 
Menlo Park and Pasadena, CA, and Golden, CO, to cany out work 
related to the Earthquake Program. Our research primarily ad- 
dresses problems in earthquake hazards assessments, earthquake 
prediction, long-term earthquake potentiail, and engineering seis- 
molc«y. 

We provide 24-hour monitoring of nationail and worldwide seia- 
micity emd other services through our national eeirthquake infoiv 
mation center. We support, in some cases with other Federal agen- 
cies, the operation of regional seismic networks in several western 
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States, the central Mississippi Valley, and the northeastern United 
States. 

These networks are used to monitor the current seismicity of the 
country, to identic active geologic structures, and to assess future 
earthquake hazards. We maintain the national strong motion net- 
work to provide data on strong earthquake shaking for engineering 
design purposes. 

For earthquake prediction research, we support laboratory and 
theoretical studies and extensive networks of instruments and sur- 
veys, chiefly along the San Andreas Fault in California. In fiscal 
year 1984, Survey scientists published a total of over 400 reports 
and maps giving the results of their earthquake research. 

Since 19^8, we have conducted 13 workshops with the support of 
other agencies to describe the application of this research to State 
a.id local officifds, the professional and private sector, and the gen- 
eral public. 

Our earthquake hazards assessments are serially focusing in 3- 
year interviils on earthquake-prone areas of the country. A major 
report on the earthquake hazards of the Los Angeles region has 
just been completed and will be published this summer. 

We are currently working with the State of Utah on earthquake 
hazards along the Wasatch Fault, a region that contains the popu- 
lations of Salt Lake City, Provo, and C^den. 

We have formal agreements with many foreign countries with 
pn^ams for earthquake prediction and earthquake hazards miti- 
gation research. The most active of these exchanges are with Japan 
and the People's RepubKc of China. We maintain communication 
with scientists in the Soviet Union working on similar problems. 

We are particularly proud of the scientific accomplishments 
achieved through the Earthquake Hazards Reduction Pribram, and 
I would like to point out a few of those. In the area of crustal defor- 
mation, our geoli^c and geodetic studies have edlowed us to deter- 
mine how and at what rates the Earth's crust is deformed in vari- 
ous parts of the country. 

The detailed geoli^c studies of fault zones have allowed us to de- 
termine how o^n a particular fault zone has broken in the past, 
far beyond the extent of the historical record, "The combination of 
geodetic and earthquake recurrence studies has provided quantita- 
tive estimates of earthquake potential along the San Andreas 
Fault. 

R^onal seismi^raph networks are being used to define the seis- 
micity patterns and active geolt^cal structures in most earth- 
quake-prone areas. We have demonstrated that reliable epicenters 
can be generated by computer processing automatically, accurately, 
and within a matter of seconds. 

We have completed a series of ground-shaking maps that are 
being incorporated into building codes. Our understanding of the 
details of how a fault breaks has increased dramatically through 
theoretical and observational studies. This understanding can be 
used to estimate strong ground shakii^ under specific conditions. 

We have developed theoretical and laboratory models for earth- 
quake prediction. These models are being used to guide well-fo- 
cused earthquake prediction experiments using instruments specifi- 
cally developed and designed for prediction. 
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In summary, we have a vigorous pr ogram on earthquake hazards 
reduction studies. Working with FEMA, the National Bureau of 
Standards, and NSF, we are making prioress toward the goal of 
saving lives and reducing losses from earthquakes. We look for- 
ward to continuing that work. 

Thank you. 

I am now prepared to Einswer any questions you might have for 
me on this program. 

fnie statement follows:] 

Statement o 

Mr. Chairman, I am pleased to appear before this subcommittee to participate in 
a hearing on the reauthorization of the Earthquake Hazards Reduction Act of 1977. 
This is the fifth opportunity for the U.S. Geological Purvey (USGS) to review ite pro- 
gram and progress achieved through resetrch and other activities authorized by tiw 
National Earthquake Hazards Reduction Act of 1977. The USGS has been a full and 
active participant in the National Earthquake Hazards Reduction Pribram for eight 
years. The USGS is primarly a scientific bueau engaged in geological and hydrolo^- 
cal research, natural resource assessments, data collection, and mapping. Within 
the national earthquake program our chief responsibilities are for earthquake haz- 
ards aflsessments, earthquake prediction research, and earthquake data and infor- 
mation dissemination. Additionally, however, we have played a key role in working 
with State and local governments in the utilisation of earthquake hazards stuJdies 
and the development of policies for earthquake hazards reduction. In this testimony 
we shall outline briefly the organization of our er-rthquake hazards prc^am, ^ve 
highlights of our activities during the pest two years, and indicate future directions 
of our work. Further details of our past accomplishments and future plans can be 
found in the National Earthquake Hazards Reduction Pribram reports to Congress 
for fiscal years 1982, 1983, and 1984 and the recently completed Five-Year Plan of 
the program for fiscal years 1985-1989 also provided to the Congress. 

OVBRVTEW OF THB USGS BARTHQUAKE PROGRAM 

The activities of the USGS under the National Earthquake Hazards Reduction 
Program are conducted in the Office of Earthquakes, Volcanoes, and Engineering of 
the Geologic Division, This office is responsible for work on all geolcwic hazarob — 
earthquakes, volcanoes, and landslides — and in this respect it is probably unique in 
the Federal Government. The organizational structure allows for certain economies 
in research, monitoring, and instrument development, in that some techiquea can be 
ap^ied to the study of more than one geologic hazard. 

The funding for the USGS earthquaRe program has r-smained fairly constant over 
the past eight years; in FY 1978 $30.2 million web appropriated for earthquake stud- 
ies; m FY 1985 this figure is $36,6 million and the iVesident's budget for FY 1986 
contains a request for $34.6 million, whicli will be adequate for us to carry forward 
this important work. Each year about one-quarter of our appropriation is applied to 
grants and contracts to support complementer;' investigations by universities, Stat« 
agencies, and private firms. 

In FY 1983, after thorough review, we reorganized our earthquake-related activi- 
ties into five major elements. This reorganization reflects progress that has been 
made to date ancf redirection of our resources into those areas where we believe the 
greatest return can be realized. The five elements of our current prt^am and a 
brief description of these elements are given below. 

/. Regional tectonics and earthquake potential. — The objective of this element is to 
understand the geology of an earthquake-prone region and estimate its earthquake 
potential through studies of fault slip rates, characteristic and maximum earth- 
quakes, and earthquake recurrence intervals. Supported activities include the map- 
ping and characterization of active faults, operation of regional seismograph net- 
works to monitor current seismicity and to identify active and potentiallv hazardou* 
geolo^c structures, and the combination of geological and geophysical data to yield 
quantitative estimates of regional earthquake potential. This information can be 
used not only in the focusing of our own on-going efforts, but also by other Federal, 
State, and local agencies in the direction of earthquake mitigation and emergency 
response planning activities. In FY 1985, approximately 38,5 million will be spent on 
work under this element. 
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//. Earthquake prediction research. — The objective of this element is to predict the 
time, place, and magnitude of damaging earthquakes. Theoretical, laboratory, and 
observational studiea are being carried out as part of our research. Our chief obaer- 
vational effort is to measure various physical and chemical properties of the Earth's 
crust along active faults and to determine how these properties vary prior to large 
earthquakes. These field experiments require considerable judgement and patience 
because we have to assess where earthquakes are likely to occur, install the instru- 
ments, and then wait for nature to complete the experiement. The earthquake po- 
tential studies carried out under the first program element described above are of 
great value in choosing those areas where measurements for earthquake prediction 
purposes should be concentrated. In addition to field experiments, we also support 
theoretical studies and laboratory experiments that allow us to develop reftliatic 
physical models for rock failure and earthquake occurrence. In the current fiscal 
year, we are spending approximately $14 million on earthquake prediction reeearch. 

III. Regional earthquake hazards assessments. — This newly created element has as 
its objective the delineation, evaluation, and documentation of earthquake hazards 
and risk in specific areas. It establishes a basis for specific loss-reduction measures 
at the lo(»l level. The goal is to provide the integrated, comprehensive research and 
generic information needed to reduce earthquake losses in populated areas through 
understanding of the source, size, frequency of occurrence and physical effects of 
earthquakes. These effects include ground shaking, fault rupture, and landslides 
and liquefaction caused by strong earthquake shaking. Our stratc^ is to build a 
foundation of knowledge of the earthquake hazards in all seismic regions of the 
United States and serially focus on each individual region during a three-year 
period, summarizing and synthesizing what we have learned. This element has a 
strong component of research application; workshops involving scientists, govern- 
ment o^cials, and the general punlic are held in each region to describe the prob- 
lems and to explain how State and local ofliciala and the private sector may use 
uses research products to reduce earthquake hazards. In FY 1985, $5.9 million is 
being directed toward support of this element. 

IV. Earthquake data and information aervieeg. — The objectives of this element are 
to provide timely information to the public and to public safetv ofdcials on earth- 
quake occurrence and to collect, archive, and distribute data tor seismologies] re- 
search. We operate the National Earthquake Information Center in Golden, Colora- 
do, which provides 24-hour monitoring of domestic and foreign earthquake activity. 
With support of other Federal agencies and in cooperation with many foreign insti- 
tutions, we maintain a 130-etation worldwide seismograph network. Data from this 

flol^ network are used in general seismological research, not only by the USGS 
ut also by scientists supported by the National Science Foundation, Department of 
Defense, and other agencies. Funiiing for this element this year is $4.4. million. 

V. Engineering seismology.— This element is concerned with the measurement, 
analysis, and theoretical estimation of strong shaking of the ground and structures 
near earthquake epicenters. The results are used hy engineers and architects in the 
design of earthquake-resistant structures. The data are extremely important in the 
siting, design, and construction of critical facilities. In FY 1983, responsibility for 
the National Strong Motion Network was transferred from the National Science 
Foundation to the USGS. This is a network of specially designed instruments that 
record the very strong shaking of nearby earthquakes: shaking that exceeds the re- 
cording range of conventional seismometers. This "strong motion" network consists 
of about 1,000 instruments; about half of these we maintain on behalf of other agen- 
cies such as the Corps of Engineers and the Veterans Administration. Under this 
element we support research to develop the theoretical basis for estimating the am- 
plitude, frequency, and other characteristics of strong ground motion, and to devel- 
op new analytical techniques to provide the most useful presentation of strong 
motion data to the engineering community. In FY 1985 support for this element is 
$3.2 million. 

PROGRAM mCHUOHTB 



EARTHQUAKB POTKNTIAl. EOTIIUTRS 

Research supported by the USGS on quantitative, earthquake potential estimates 
(in a sense, long-term earthquake predictions) and estimates of strong ground shak- 
ing due to earthquakes has proceeaed rapidly, providing significant new information 
on the long-term likelihood of m^or earthquakes in seismically active areas. Geolo- 



Digitizecoy Google 



48 

gists at the USGS, the Califomia Institute of Technology, and other institutioas 
nave, through detailed studies of fault zones, demonstrated that the dates of lai^ 
prehistoric earthquakes can be determined from the geologic record. Scientists from 
Columbia University, the University of California, and tne USGS have combined 
these results with seismological and other data to provide quantitative estimatea d 
recurrence times of earthquakes in Califomia, Nevada, and elsewhere. From esti- 
matea of recurrence times and knowledge of the last large earthquake in a region, 
general or long-term predictions, accurate to within a few years or decades, may be 
made. Figure 1 summarizes the results of this type of study for the San Andreas 
fault in California. 

The results of this work can be used to direct further research and mitigation ^- 
forts. If, for example, limited state or local resources are aviailable for strengthening 
highway bridges, earthquake potential estimates can be used to define those areas 
where earthquakes are more likely to occur and where strengthening should begin. 



THE PARKFIBLD EABTHQUAKE PRSDICTION EXPBRIlf BNT 

On the earthquake potential map of the San Andreas fault shown in Figure 1, 
that portion of the fault near Parkiield, California, shows a high probability of expe- 
riencing a magnitude 6 earthquake within the next 30 years. Although other re- 
gions of the State may experience magnitude 6 events before the next occurs near 
Parkfield, this 16-mile long section of the fault has a well determined earthquake 
history from which the magnitude and approximate time of the next earthquake 
can be estimated. Earthqualiea have occurred near Parkfield in 1857, 1881, 1901, 
1922, 1934. and 1966, with an average recurrence time of about 22 years. If the next 
Parkfield earthquake follows this pattern, it should occur within the next few ^ears. 

The last three Parkiield earthquakes share remarkably aimilar, characteristic fea- 
tures. These features — magnitude, length and location of rupture along the fault 
(rupture zone), and starting location of the fault break (epicenter)— define the char- 
acteristic Parkfield earthquake. The concept of a characteristic earthquake with re- 
curring features means that an experiment to predict that event a few houra or 
days before it happens can be tailored to these characteristic features. Since the 
likely time of occurrence of the next Parkfield earthquake is near, and because pre- 
vious events that have been so similar, Parkfield provides a unique opportunity to 
conduct an experiment to observe variations in the crust of the Earth that may pre- 
cede the earthquake. 

We are currently putting substantial effort into monitoring the state of the 
Earth's crust in the Parkfield region. Seismometers, strainmeteis, creepmetere, tin- 
struments that measure movement on the fault), geodimeters (very sensitive geodet- 
ic measurement devices using laser light), and other instrumentation have been in- 
stalled and are being monitored. Data from this etjuipment are collected at a central 
location and quickly analyzed on a continuous basis. 

The results of both the scientific studies and information transfer processes relat- 
ed to the Parkfield experiment will be very important to future work on earthquake 
prediction. 

EARTHQUAKE PREDICTION STRATEGY 

The Parkfield study and recent consideration and discussion of various options 
based on specific earthquake prediction experiments have helped define our observa- 
tional strategy for earthquake prediction. 

At Parkfield, we have a well-developed concept of the earthquake we are trying to 
predict — its magnitude, location, and the time interval in which it is expected. Tlie 
design of the Parkiield observational experiment has been made with reliability and 
redundancy in the instrumentotion in mind to ensure that accurate and continuous 
data are obtained. Instruments of different design to measure the same physical 
phenomena are instelled near each other; instruments of the same design are de- 
ployed in tendem. These efforts are being made to minimize the chances of being 
fooled by a spurious signal related to one instrument or one design, and to increaae 
our chances of recc^nizing real precursory phenomena as they appear on several 
instruments. 

We see earthquake prediction efforts elsewhere being influenced by this concept — 
the deployment of a cluster or clusters of instrumente concentrated aloi^ specific 
sections of the fault for the purposes of predicting earthquakes thought to be cha)> 
acteristic of that section. During the autumn of 1984 we developed a strat^y paper 
on options for earthquake pre<uction based on this reasonine. The paper f^ been 
reviewed by several groups, including a committee of the National Reerarch Council 
(NRC) and the Califomia Seismic Safety Commission (CSSC). The paper conaidered 
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strategy optiona ranging from coatinuiiig the present icaearch program including 
the Peu'kfield experiment, to adding a few additional clusters in souuem California 
in regioDB where specific events are expected, to deployment of 40-60 clusters 
throughout California. All groups endorsei the cluster approach and our activities 
at Parklield and aome indicated we should proceed with a few more clusters in 
other regions of southern California. There was no support for optiona involving 
comprehensive deployment of 40-60 clusters throughout the State. 

RESBAKCH APPUCAHON 

We have, since 1978, conducted a series of 13 woriuhope to ttddress specific earth- 
quake problems of regional or local interest, to present the state-of-biowledge re- 
ganling these problems to State and local of^cials, and to lay the course for fiituie 
wot^ These workshope, conducted by the USGS and supported by the USGA and 
other Federal, State, local, and private organizations, have been extremelv effective 
mechanisms for the diffusion of knowlei^ about earthquake hazards t&rou^Mnit 
the Nation and about what can be done to reduce them. The woitehcme have 
brought together more than 1,000 producers and users of earthquake hazards infor- 
mation in almost every earthquake-prone part of the United States. In general, we 
have been concentrating on areas outside of California, areas in which the esirth- 
quake problem may be less well understood, and local officials and the public less 
well informed on the issues. The proceedings of each of these vrorkshops have been 
published in a USGS report 

Hie first workshop on "Communicating Earthquake Hazards Reduction Informa- 
tion" was held in E)enver in 1978. Others have been held in Los Angeles, California; 
Santa Fe, New Mexico; Knoxville, Tennessee; St. Louis. Missouri; Charleston, South 
Carolina; and Albany, New York. Additional workshops are planned for Anchorage, 
Alaska; Los Angeles, California; and Cheyenne, Wyoming. These workshops have 
contributed to the formation of State and r«^onal seismic safety orsanizations and 
commissions. Such oiganizations currently are active in California, Tennessee, Ken- 
tuc^. South Carolina, New York, and the Central Mississippi Valley. Legislation is 
peniUng for a seismic safety commission in Washington S^te, and planning is un- 
derway for a New England seismic safety organization. Recently, the Califomia 
Seismic Safety Conunission authorized the drafting of a "California (Earthquake) 
Hazards Reduction Act" bill to describe a "state multiyear seismic safcl^ program.". 

Clearly, the research and activities supported hy the National Earthquake Has- 
arda Reduction Program are reaching the State and local level and steps are being 
taken to implement the results of the program. 

■ABTH^UAKB STUotsa m thk eaotkrn umm) btatss 
Evaluatiiw seismic hazards and earthquake patentdat in the United States east d 
the Rocl^ Mountains is complicated i^ the relative infrequency of large earth- 
quakes and by the general absence of mappeble, active feulls. As a result, the aaso- 
ciation of seismidty with geologic structures showing surface e x pr e ssion, like those 
found in the Western United ^tes is difficult. The earthquake hazards and risks 
from earthquakes in the Eastern United States aie none-tbe-leas real- damaging and 
destructive earthquakes are known to occur, the crust of the Earth transmits seis- 
mic shaking to much greater distances with len attenuation in the East compared 
to the West, population densities are high, and many of the pcqHilation centers have 
aignificant numbers of older buildings not designed or ciMisb^icted to modem build- 
ingoodes. 

llie cause — or causes — of widespread but infrequent seismicity in the Eastern 
United State* generally is not well understood. Much has been learned in the last 
dwi^i however, and uiere is an accumulating body of evidence that indicates that 



United State* generally is not well understood. Much has been learned in the last 
'~cade, however, and uiere is an accumulating body of evidence that indicates that 
stem seismid^ is associated vrith ancient (^eoloacally speaking) fault zones that 
e rejuvenated by modem stress patterns in the Earth's crusL It is now thought, 
rar examine, that some earthquakes along the eastern seaboard are associated with 
foults that may have initially formed about 200 million years ago during the open- 
ing of the Atlantic basin. The difficulty lies in determining the cause and orienta- 
tion of modem stress regimes and the geometries and conditioDs that cause ancimt 
lauHs to be reactivated by modem stress patterns. 

Since these ancient structures are almost always buried beneath younger geologic 
atiata, defining their nature and geometry relies heavily oa expensive, deepeound- 
ing techniques originally develop^ for oil exploration. Perhaps the most compete 
i nvontto ation conducted so far in the Eastern United States nas been in the New 
Madrid seismic zone of the central Mississippi Vall^. the site of major earthquakes 
in 1811 and 1812. Here geologic, aeromagnetic, gravity, and seismic reflection •- 
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refraction techniques have defined a northeast-southwest trending zone of faulting 
in the crust beneath the Mississippi River valley in adjoining parts of Arkaneas, 
Missouri, Kentucky, end Tennessee. This zone or rift is thought to have been formed 
more than 600 million years ago; however, contemporair seismicity in the region 
shows dose association with these buried ancient faults. Presenlniay seismicity and 
crustal movements represent the response of these structures to uie current east 
west compressive stress fieid. 

These studies have a significant practical application. Once the conditions for the 
reactivation of ancient structures are defined, and their locations determined, earth- 
quake recurrence intervals and areas of high, and low, seismic riak in the Elastem 
United States can be specified with higher confidence and accuracy. 

Studies similar to those in the Central United States have been carried out in the 
Charleston, South Carolina, region near the epicenter of a large earthquake that oc- 
curred in 1886. These studies have proceeded with cooperation and support from the 
Nuclear Regulatory Commission; however, the joint effort has been unsuccessful in 
identifying a buried structure as the cause of this earthquake. Recently, important 
information has come to light r^arding past earthquakes in the Charleston region. 
Detailed geologic studies of the upper tens of feet of soil in the region show features 
that indicate that three or four earthquakes, including and of similar magnitude to 
the 1886 event, have occurred over the past twenty to thirty thousand years. 

These results indicate that the 1886 Charleston earthquake was not a unique : 
event and the yet undiscovered structure or geologic feature that gave rise to it ie^ 
capable of future seismic activity. 

FUTURB PROGRAM niREcnoNS 

During the next few years, our earthquake studies will concentrate more on tho^ 
tecbnit^ues and approaches that have enjoyed greatest success in the past. 

Detailed geologic studies of fault zones have proven extremely valuable in the ^3* 
sessment of earthquake potential and hazards. This work involves detailed faa-^ 
mapping and excavation of fault zones, primarily in the western United States, 
determine the level of prehistoric earthquake activity. This work will be sustaii 
and expanded when possible. The seismometers in many of our dense, re^onal, bi 
mograph networks were designed and built over 20 years ago, and many of our Ci -. 
rent recording practices were developed before digital technology was widespre^^^^ 
The costs of maintaining conventional networks and of data transmission via te "^^^vT 

phone lines have risen sharply in the past few years. These increases and the tlii '^ '^ 

nical iimitations of current systems are forcing us, in some r^ons, to conaii^^^^^. 
other monitoring strategies. Such strategies may employ fewer instruments 
modem design along with digital data processing, transmission, and analysis. The 
modem systems have the promise of providing new information on regional seism: .■ 
ity, essential to the assessment of earthquake potential. 

In earthquake prediction research, as described above, we shall c 
centrate instruments at specific sections of a fault where a characteristic e 
quake has been defined and the potential is high for its recurrence. Expei' 
similar to the one being developed at Parkfield represent the most rational o. . . 
tional approach to earthquake prediction. Theoretical and laboratory studies will I 
continued to form a basis for development of an understanding of the observation. J 
experiments. 

R^onal earthquake hazards assessments are now in the second year of a 
year concentrated effort in Utah. With the cooperation of the State, through its G 
ological and Mineral Survey, we are making a detailed study of the earthquake h 
ards along the Wasatch Front, the area containing the towns of Provo, Salt La 
City, and Ogden. Our next target area for a detailed hazard assessment will k 
south central Alaska, the region containing Anchorage and environs. Prelimina 
discussions are underway with Alaska State officials to formulate and formalize ti 
pn^am. 

We shall continue to work closely with the Federal Emergency Managemeo 

Agency in activities that foster the implementation of loss-reduction r 

the various seismically active regions of the Nation. 

In the area of earthquake data and information collection and dissemination i 
shall maintain our current services while we work with the National Scienw Foui»-'' 
dation and the Defense Advanced Research Projects Agency to improve the quality^ 
of data available from worldwide sites. 

Finally, we shall work closely with the engineering community to ensure that th^ 
data and analyses we are providing on strong earthquake shaking are meeting theLV 
needs and requirements. We shall continue our theoretical studies based on uito in" 
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formation to increase our understanding of the physics of the earthquake source 
and thus predict strong earthquake shaking under conditions whefe no observations 
are available. 

CONCLUSION 

This concludes the testimony on the authorization of the USGS to continue work 
in the National Earthi)uake Hazards Reduction Program during Fiscal Years 198G 
and 1987. In this testimony we have reviewed briefly our current program, high- 
lights of our progress, and future dirtctions we intend to pursue. The accomplish- 
ments of the program are significant and the level of understanding and awareness 
of earthquake hazards in the United States is much greater that it was when the 

Eigrani began in 1978. Although much work remains to be done, the efforts that 
ve been made so far provide a solid base for extending our prt^ress efficiently 
and effectively. 

[The following information was subsequently received for the 
record:] 

QussnoNS OP THE Chairman anh the ANSWBita 

Question. In my State of Missouri, we are naturally concerned about the potential 
for catastrophic earthquakes. Can each of you comment on how your agency has re- 
duced the hazard of a potential earthquake along the New Madrid fault? What re- 
search have you done in this area? And what more should be done under the Earth- 
quake Hazaras Reduction Act? 

Answer, The Geological Survey has conducted a variety of geologic, geophysical, 
and geochemical studies of the New Madrid area since the 1976's. USGS investiga- 
tions, involving a number of cooperating Federal, Siato, and university scientSic 
groups, revealed that modem seismicity in the New Madrid region is associated 
with a reactivated ancient fault zone (the New Madrid fault zone) that lies along the 
axis of a buried northeast-trending rift in the upper Mississippi embayment. Geolog- 
ical Survey studies of earthquake magnitude-frequency relationships and trench in- 
vestigation of ancient liquefaction features (sand boils) suggest that large earth- 
quakes recur in the New Madrid region about every 600 to 700 years. 

The Geological Survey (in cooperation with the Federal Emergency Management 
Agency) also has convened three workshops on the earthquake hazards of the New 
Madrid area (St. Louis, Missouri, May 1982; Little Rock, Arkansas, September 1983; 
and Cape Girardeau, Missouri. November 1984) to communicate earthquake hazards 
reduction information to concered Federal. State, and local officials, and to the gen- 
eral public. 

The Geological Survey is continuing studies of the New Madrid fault zone to a) 
more accurately establish the recurrence interval of damaging earthquakes in the 
New Madrid area; b) assess the economic impact of a damaging earthquake in the 
New Madrid area; and c) more fully explore the buried rift beneath the Mississippi 
River Valley. 

QuE^noNs OF Senator Presslbr and the Answers 

AieetUm. I have been very intorested in developing the Continentol Scientific 
Drilling Program (CSDP), in which your agency is involved. I am particularly inter- 
ested in hearing your thoughts on the extont, if any, to which the specific programs 
of the Earthquake Hazards Reduction Act efforts could be integrated with the 
CSDP. 

Answer, The CSDP was conceived to address a wide range of geological problems 
that can only be resolved by the direct sampling of the materials and properties of 
the Earth's crust through drilling. Although the justification for the CSDP is scien. 
tiflc, the results of the program will have application to more mission-oriented pro- 
grama such as hazardous waste disposal, resource assessments, and earthquake haz- 
ards reduction. We recommend, however, that the CSDP not be formally integrated 
with any mission-oriented program in that it may then lose its wide scientific sup- 
port and application. 

Question. In comparison to other techniques, how effective would continental 
crust drilling be in achieving the goals of the Earthquake Hazards Reduction Act? 

Answer, CSDP can contribute to the goals of the earthquake program hy provid- 
ing data on the materials and prppe:-ties at depths where earthquakes occur in seis- 
mic regions. This information will be used in theoretical and laboratory models of 
earthquake occurrence; models {Tiat guide earthquake prediction experiments and 



Digitizecoy Google 



52 

the interpretation of prediction data. CDSP holee in wismic regions may also ''^^^ 
UBCd, once general scientific studies are complete, to house in8bwn*nts useful irr:^^^* 
earthquake prediction. _^, 

QueBlion. Specifically, what is the probability that an effective CSDP could Bub- — 
Btantially increaao the lead time for earthquake warnings? __ 

Answer. CSDP activitiee in seismic regions will increase the rate of our undo — ' 
standing of why and how earthquakes occur in those regions and increase the ^" 
number of opportunitiea to put Bensitive earthquake prediction instruments in deep ^ 
holes, away from atmospheric, cultural, and other superficial noise Murcea. It is im- 
poeaible to say whether the CSDP will increase the warning time of any specific — 
earthquake, but it is clear that we cannot make rapid progress in earthquake pre- 
diction without deep holes in earthquake zones. 

QuEffnoNS OF Senator Holungs ans the Answebs 

uses EABTHQUAKB PROGRAM 

Question. It seems clear now that making accurate, short-term predictions of 
mcijor earthquakes is more difficult than Congress anticipated when it passed the 
Earthquake Hazards Reduction Act. 

Why is this the case? Why is earthquake prediction more complex and difficult 
than we once thought? And when can we expect to have an accurate way to foresee 
these tremors? 

Answer. Many of the early theories and hypotheses on how earthquakes could be 
predicted were based on foreign reports and incomplete data. In U.S. earthquake 
prediction r^<earch these theories have been systematically evaluated and many of 
them, such as unusual animal behavior before earthquakes, have been rejected. 

The most promising earthquake prediction theory, in simple terms, states that 
before the crust of the Earth breaks in a iarge earthquake, it will experience minor 
cracking and deformation. Most mechanical systems show such symptoms before 
they fail catastrophically. Foreshocks and ground deformation have b«en observed 
in epicentral regions prior to large earthquakes. 

The problem of establishing criteria for reliable earthquake prediction involves in- 
stalling sensitive equipment in areas where earthquakes are expected and then 
waiting until the earthquake occurs. The period of observation may reauire years or 
decades. During these periods the equipment must be maintained and oata aiudyzed 
on a routine basis. Only after several such experiments, which can run concurrently 
in different regions, will we gain the experience necessary for reliable earthquake 
prediction. 

We conduct laboratory and theoretical research on earthquake occurrence and 
eariiiquake precursors to complement these field studies. We also have formal scien- 
tific exchanges with Japan, the People's Republic of China, and the Soviet Union so 
that we may gain from foreign experience in earthquake prediction. 

Question. While your FY 1985 appropriation for earthquake work is $36.6 million, 
the President's request for FY 1986 is $34.6 million. 

How will this reduction affect USGS's work in this area? What activities will be 
cut or stretched out? Will the amount of money spent on grants and contracts to 
universities. State agencies, and private firms be cut? 

Answer. Part of the proposed reduction is possible because procurement of addi- 
tional instrumentation funded in the FY 1985 appropriation will be completed. How- 
ever, some project reductions, including the discontinuation of five research prpjects 
or studies of earthquake mechanisms and earthquake methodolc^ee, will be neces- 
sary. These reductions will "stretch out" theoretical and laboratory research and de- 
crease the density of instruments in some seismically active areas. 

Approximately one-fourth of our annual appropriation is directed toward grants 
and contracts to universities, State agencies, and private firms. This proportion will 
be maintained under reduced funding. 

Question. In your testimony, you say that the results of the Parkiield expenroent 
will be very important to future work on earthquake prediction. 

Will you briefly tell the Committee what results you expect from Parkiield and 
how these results will help improve our knowledge of earthquakes and our ability to 
predict them? 

Answer. We expect a moderate earthquake (about magnitude 6) to occur in the 
Parkfield area about every 22 years. The last magnitude 6 event occurred in 1966. 
By concentrating geophysical instrumentation in the area, we expect to detect and 
-e ground deformation and changes in microeeismicity prior to the next Park- 
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field earthquake. This experiment will allow U8 to dMign earthquake prediction 
strat^iee and inatnunentatioD for applicstion at oUier sites. 

Question. 1 have been very iin;»«wed by the work that USGS and South Carolina 
scientiHtB have recently done near my home of Charleston, South Carolina. Aa I un- 
demtand it, examinations of "sand blows" — areas of soil that liquefied during the 
disastrous 1886 earthquake — indicate that several earthquakes have occurred in the 
Charleston area. 

la it correct to infer that other earthquakes may occur in the Charleston area in 
the future? How often can we expect such earthquakes, and with what damage? 
And since many other eastern States have geology similar to South Carolina's, can 
we expect Charleston-type earthquakes elsewhere aloog the east coast? 

Answer. The discovery of "sand blows" from prehistoric earthquakes in the 
Charleston earthquake is conclusive evidence that the 1886 event was not unique. 
This means that ftiture large earthquakes, as large as the 1886 event, can be expect- 
ed in the Charleston region; however, the data available at this time will not sup- 
port an unequivocal estimate of repeat timee of these large events. The inadequate 
data available suggest that the time intervals between targe earthquakes in the 
region to be at least several hundred years; however, this is a very rough estimate. 
Smaller, yet damaging earthquakes could occur with greater frequency. 

In a contemporary scenario (U.S. Geological Survey Open-file Report 83-843) for a 
repeat of the 1886 earthquake Dr. Charles C. Thiel, Jr. estimated that 4,000 lives 
might be lost, 17,000 persons injured, 125,000 housing units lost, and up to S25 bil- 
lion in damage. 

The geologic setting near Charleston is found elsewhere along the east coast, sug- 
gesting that Charleston-type earthquakes may occur at other locations, 

Question. In your testimony, you mention that the cause of eastern earthquakes is 
not well understood and that the ancient faults thought responsible are buried deep 
in the earth. 

Given this situation, what additional research is needed to better understand the 
location and operation of these ancient structures? Is any such research planned? 
Will the new Continental Litiiosphere prt^am funded by NSF provide any informa- 
tion uaefiil in understanding eastern earthquake activity? 

Answer, Careful search for earthquake-related features, like sand blows, is needed 
in those areas where the general geologic setting is similar to that found at Charles- 
ton. This will help establish whether large prehistoric events have occurred in these 

Additionally, subsurface seismic exploration techniques similar to those used in 
oil and gas exploration are needed to defme buried faults in those regions thought 
to be capable of giving rise to large events. These regions also may be identified 
using geologic studies and by their higher seismic activity (at low magnitude levels) 
competed with neighboring regions. Because the seismic exploration technique is 
particularly expensive, there are no plans within the U.S. (}eol(^cal Survey (USGS) 
earthquake program to pursue research with that technique. 

The NSF Continental Lithosphere program and the USGS Deep Continental Stud- 
ies program use seismic exploration techniques and may provide data useful to un- 
derstanding east coast seismicity. However, these programs have broad objectives 
and earthquake concerns compete with others in the direction of these programs. 

QueslioTi. Much of USGS'b earthquake-related research in the Carolinas has been 
supported by the U.S. Nuclear Regulatory Commission. Your testimony says that so 
far the joint effort has been unsuccessful in identifying a buried structure as the 
cause of the 1886 (Charleston earthquake. Yet 1 understand that the NRC may end 
its support for this joint research, despite the need to understand what seismic prob- 
lems might affect nuclear power plants in the area. 

What is the NRC's position on this issue? If they do cut off funding, will US(3S— 
with its limited budget — be able to continue these investigations? 

Answer. We do not have a clear understanding of the Nuclear Regulatory Com- 
mission's position on this issue and would rather this question be put directly to the 
Commission. 

Although we shall continue work in the B^tom United Stotes and the Charles- 
ton region, we would not be able to sustain or pick up most of the work in these 
regions that NRC currently supports. 

CHILEAN BARTH<)UAKE 

Qufttion. Do you have any updated estimates of the number of people killed, the 
number of structures destroyed or damaged, and the dollar amount of property 
:e from the recent Chilean earthquake? 
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Answer. The Government of Chile reports that at least 176 persons were killed in 
the March 3, 1985, Chilean earthquake and 2,4S3 injured. More than 45,000 homes 
were reportedly destroyed; another 76,000 were heavily damaged. About 372,000 per- 
sons were left homeless. Some estimates suggest that property loeses exceeded $500 
milhon. 

Queslion. I understand that USGS sometimes sends its experts to the scene of for- 
eign earthquakes, in order to study the fault, gather data on the tremor, and survey 
the structures a^ected. 

Was that done in the case of the Chilean earthquake? If so, what data do you 
expect to gather? How will that data improve our understanding of American fault 
lines? Will the data be used to help the Chileans better understand earthquake haz- 
ards in their own country and to help them develop better mitigation measures? 

Answer. Yes. A team of four USGS scientists and technicians went to Chile after 
the earthquake to conduct a joint U.S.-Chile postearthquake investigation. 

The USGS team deployed portable seismographs and several strong-motion instru- 
ments in the epicentral area of the March 3, 1985, earthquake to record aftershocks 
and their grounds motions. The team also conducted a careful evaluation of the geo- 
logic effects (liquefaction, landslides, etc.) of the earthquake, and determined the dis- 
tribution of earthquake damage, noting types of structures affected and intensities 
of ground shaking. The USGS study should provide important, quantitative data on 
the strong amplification effects of earthquake ground shaking. 

The Chilean earthquake investigation has provided important insights into the 
mechanism of earthquake failure in plate subduction zones like those along the 
south coast of Alaska and along the coast of the Pacific Northwest. The Chilean 
earthquake also provided the first comprehensive records of the strong grounds mo- 
tions generated by very large earthquakes. These records will be used by engineers 
and architects to improve earthquake- resistant building design and construction. 

Studies of the geologic effects of the March 3, 1985, earthquake revealed that ex- 
tensive areas of the Chilean port cities of San Antonio and Valparaiso are underlain 
by beach sands and fill that are susceptible to liquefaction. The hazards of these 
areas, which will likely fail again in future large earthquakes, must be considered 
in the reconstruction of the port cities. 

The earthquake strong motion data will be used by Chilean engineers and archi- 
tects to improve earthquake-resistant building design and construction in the epi- 
central area, as well as throughout Chile. 
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Senator Gorton. Thank you very much. Dr. Peck. 

Senator Hollings has some written questions for both you and Dr. 
Suh. 

Dr. Suh, under the same circumstances, your entire statement 
will be included in the record. 

Dr. Suh. I am pleased to report to you on the status of earth- 
quake hazard mitigation research at the National Science Founda- 
tion, As per your suggestion, we are pleased to submit written tes- 
timony for the record. 

Earthquake research at NSF has received significant attention 
since the Earthquake Hazards Reduction Act in 1977. Since then, 
NSF has obligated $195 million in seismic research. Approximately 
68 percent of the funds have been obligated by the Engineering Di- 
rectorate, and 32 percent in the Astronomical, Atmospheric, E^rth, 
and Ocean Sciences Directorate. 

The NSF's activities related to the earthquake hazard mitigation 
pr(^am include two kinds of research. The first deals wifii the 
basic scientiiic research on the motion and structure of the Earth's 
crust and its relationship to the genesis of earthquakes. 

The second kind of research deals with engineering research for 
the mit^ation of earthquake hazfu-ds through a better understand- 
ing of siting and geotechnical issues, structursd response, response 
of Eirchitectural mechanical elements, and systems issues ranging 
from effective application of research results, information dissemi- 
nation, technology transfer, and assessment of various mitigation 
measures, which includes lifeline support systems. 

I would like to spend a few minutes going over the overall results 
of NSF-Bupported and sponsored research. The results of the NSF- 
sponsored research programs are impressive by any measure. Fiist 
of all, thanks to the support, the United States now has the strong- 
est academic community in seismic research in the world, both in 
geophysics and in engineering. 

Also, thanks to research, we have incorporated much of the re- 
sults in building codes, and many of these building codes have im- 
proved a great deal. We also generated many design mds in the 
form of computer software and other useful information which 
have been disseminated to the community. We also have a much 
better understanding of how earthquakes are generated emd how 
they propagate. 

Because of the research results, many of the new design concepts 
such as eccentric bracing and new base isolation techniques have 
been introduced. And finally, new l^islation in State and local 
governments has been introduced to reduce the liability of local of- 
ficials so they can more effectively incorporate many of these tech- 
nological breakthroughs into their city regulations. 

And 1 think I can go on and list many other accomplishments of 
the research community. However, I think it is sufncient to say 
that the continuing support of the research community has result- 
ed in mitigation measures envisioned by the Congress in 1977. 

Notwithstanding these advances, obviously we have still much to 
do. The question, then, is where do we go from here? I would like 
to talk about several items as to what we ought to do in the future 
years. 



Digitizecoy Google 



57 

First of all, we should continue to support the research communi- 
ty and maintain the focus we have established in the past. Throi^h 
the research, I think we can fully advance the fundamental under- 
standing in the field of geophysics and also in earthquake engineer- 
ing. Bfised on this understanding, we need to develop new design 
tnethodolc^es for earthquake-resistant structures, better lifeline 
support systems, et cetera. Then we need to promote better tech- 
Qology transfer between the research community, and we ought to 
spend more time concerning ourselves with information dissemina- 
tion. 

We also are initiating new initiatives in our Earth sciences divi- 
sion for the continental lithosphere prc^ram, which should en- 
hance our understanding of the basic Earth structure issues. 

Another item we would like to consider starting in fiscal yeeu- 
1985 and continuing into fiscal year 1986 is the possibility of under^ 
takii^ major systems studies, so we have a better understanding of 
how lives will be lost during earthquEikes, Euid how we will lose our 
property, so that we can better focus our research in some of these 
important areas. 

Another plan we have is to consider the establishment of a major 
center for earthquake mitigation hazard research at one of the uni- 
versities, cofunded with one or more of the States. The idea is to 
promote technology transfer by having States involved in this kind 
of research effort, and also to enable centers to underteike major, 
coherent research projects rather than having a large number of 
fragmented research projects underteiken by individual research- 
ers. 

And finally, we would like to see if we can consider the possibili- 
ty of establishing large-scale test facilities that the universities so 
badly need to conduct their research. 

These are items we would like to consider during the coming 
years, and we are goii^ to spend a substantial sum of the engineer- 
ing research funds for this purpose. As of now, the Engineering Di- 
rectorate is spending roughly about 17 percent of the single investi- 
gator research pri^ram funds to support the earthqu^e hazard 
mitigation research. This is by far the largest pri^ram we have in 
engineering on a specific topic, sind we are interested in making 
sure that indeed the funds will be used in the most effective way 
and that we can generate the intended results. 

Finally, I would like to just make a few concludii^ remarks 
about what has happened and where we go from this point. I think 
the earthquake ei^ineers in the United States are the best in the 
world, ana we need to make certain that our universities continue 
to generate these kind of people in the years ahead. In order to 
make sure that we can indeed deal with mitigation issues, we need 
to develop both broEid, fundamental research emd more focused, in- 
novative research on problems that may more s^ificantly affect 
mitigation of earthquake hazards. 

I believe that the research community hoB responded to the chal- 
lei^Ees poaed by the Congress in the past. With adequate encourage- 
ment and support, I am sure that they will continue to do their 
best to meet the needs of the Nation in this important area. 

Thank you, Mr. Chairman. 

[The statement follows:] 
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Mr, Chairman and Membera of the Subcommitteea, I am pleased to report to you 
today on the status of Earthquake Hazard Mitigatioo Research at NSF. Since the 
passage of the Earthquake Haieards Reduction Act in 1977, NSF has obligated about 
$195 million on Seismic Research in the Directorates for Engineering (ENG) and for 
Astronomical, Atmospheric, Earth and Ocean Sciences (AAEO). Approximately 68% 
of the funds have been obligated by the Engineering Directorate and 32% in the 
Astronomical, Atmospheric, Earth and Ocean Sciences Directorate. 

Under the Earthquade Hazards Reduction Act the responsibility for different ac- 
tivities related to Earthquake Hazard Reduction is primarily assigned to four specif- 
ic agencies, although other agencies participate in the program in connection with 
their operational responsibilities. FEMA is designated as the lead agency. 

Earthquakes are not unique to a particular country, and to a particular state. The 
United States has been fortunate in that during its history the severest earthquake, 
which occurred in New Madrid, Missouri in 1811-12, struck at a time when the pop- 
ulation density was low and there were few major constructed facilities to sustain 
damage. In other major earthquakes we have often been fortunate in that the earth- 
quake struck at a time when population exposure to high-risk situations was at a 
minimum. Thus the average number of persons who have lost their lives due to 
earth shaking during U.S. history is relatively low in comparison with other seismi- 
cally active countries. Loss of life due to a single earthquake event in some coun- 
tries has exceeded 500,000, The comparatively low number in the U,S., however, 
should not lead us to be complacent, as population densities in seismic prone areas 
are increasing. This can lead to an increased level of risk, particularly in connection 
with existing buidings. and other facilities constructed before a knowledge base abut 
earthquake engineering was available. Although our knowledge of how to design 
new structures to resist the effects of earthquakes has vastly improved as a result of 
both the NSF research programs and those of other agencies in the Earthquake 
Hazard Reduction Act, there are still many gaps and incomplete data on which to 
base designs, A m^or thrust in past years' research was to develop methods and 
information which assure that constructed facilities would not suffer gross failures 
of a life-threatening nature. For most types of structures the knowledge base which 
has been developed through NSF research makes it possible to design against such 
gross failures in new structures. A serious problem still exists, however, in predict- 
ing and designing against serious economic losses in many new structures and 
against loss of service of vital life-line facilities such as water and electrical supply 
systems. Existing structures also pose a problem due to the difficulties in aaseasii^ 
levels of hazard and balancing potential economic and human losses against costs of 
retrofitting and uf^ading such structures. 

The NSF's activities related to earthquake hazard mitigation include research in 
the earth sciences, engineerii^, architecture, and the social sciences. These activi- 
ties are supported through the Earth Sciences Division (EAR) in the Astronomical, 
Atmospheric, Earth and Ocean Sciences (AAEO) Directorate and the Earthquake 
Hazard Mitigation Program (EHMP) of the Emerging and Critical Engineering Sys- 
tems Division (ECES) in the Engineering (ENG) Directorate, 

I would first like to describe some of the activities carried on through the Earth 
Sciences Division (EAR) in the Astronomical, Atmospheric, Earth and Ocean Sci- 
ences (AAEO) Directorate, 

Seismology and earthquake-related fundamental studies have been of long-term 
interest to the Earth Sciences Division and have constituted a signficant part of the 
Division's program for some 20 years. The importance of the National Earthquake 
Hazards Reduction Program to the Division is in stressing the importance of. the 
research to the concerned scientific community, and in ensuring good coordination 
both within that community and with the other Government agencies involved. 

An understanding of the fundamentals of the earthquake phenomenon and associ- 
ated processes is essential for the eventual prediction of earthquakes and destruc- 
tive grown motion. An independent program of fundamental studies, therefore, pro- 
vides the framework on which a more empirical pn^ram of earthquake prediction 
can be based. 

The Earth Sciences Divisions has supported a number of projects to provide the 
fundamental understanding mentioned above, A few highlights of the kind of re- 
search involved are: 

Rock Physics and Geologic Structure of the San Andreas Fault Zone from Seismic 
Reflection and Vertical Seismic Profiling. — The hydraulic and elastic properties of a 
fault zone, together with the configuration of the zone as a function of depth, hold 
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the key to number of question concerning the earthquake generation process along 
active faults. 

Earth scientistB from the academic commumty in aouthem California, whose in- 
terests include crustal Htructure and evolution, have formed a regional consortium 
(CALCRUST) to apply the seismic reflection technique, in combination with geologi- 
cal and geochemical observations, toward and Improved understanding of tbe sub- 
surface in the southwestern U.S. Members of the consortium are; University of 
Southern California. California Institute of Technology, University of California, 
Santa Barbara, University of California, Berkeley. San Diego State University, and 
California State University. Loe Angeles. A two-year program by CALCRUST, initi- 
ated in 1984, will include a study of the geologic structure of the San Andreas Fault 
from convention seismic reflection proliling and from vertical seismic profiling 
(VSP) in deep boreholes. 

in this project CALCRUST will emphasize the acquisition of seismic data near tbe 
San Andreas fault zone using a vertical sensor string emplaced in a deep borehole 
(up to 1600 meters) in combination with data recorded at the surface using more 
conventional methods. Borehole or VSP (vertical seismic profllingi experiments pro- 
vide a level of detail not commonly obtained via surface arrays alone. 

The Earthquake Process.— In order to predict earthquakes and estimate tbe 
damage that may be caused by a large earthquake, one needs to understand tbe 
physical processes occurring at the source of an earthquake. From this one can un- 
derstand the physical conditior^s under which earthquakes occur and one may calcu- 
late the expected ground shaking at any place close to or far from the earthquake 
source. Under NSP funding, scientists at Lamont-Doherty Geological Observatorr of 
Columbia University have been approaching this problem in a novel way — i.e., using 
a fracture mechanics approach to study the rapid faulting process during the earth- 
quake. The science of fracture mechanics is very advant^ and is used extensively 
by civil, mechancial, aeronautical and other engineers to study how bridges, ma- 
chines, airplanes, etc. may break under stress. Lamont scientists are using the de- 
velofHnents made in this field and are applying them to the study of how the earth's 
crust breaks during a large earthquake. 

The problem is studied by making theoretical models, using large computers, of 
the sp^d with which fractures propagate through the earth's crust. One of tbe im- 
portant results from these investigations is a new model which may explain why 
large earthquakes almost always nucleate at depth near the base of the brittle, aeis- 
mogenic portion of the rigid plates covering the earth's surface and prt>pagBte 
upward and along the ptate margins. Essentially, the model predicts that if an 
earthquake nucleates at shallow depths in the low strength part of a fault, it cannot 
propagate dynamically into the higher-strength deeper regions; only an earthquake 
that nucleates in the higher strength part of the fault at dept has the potential to 
become a large or great earthquake (provided, of course, that other parts of the 
fault plane are close to failure). These results may have future practical applica- 
tions. 

Earthquakes have, in a large number of cases, been triggered by the filling of res- 
ervoirs. Because the impounded water poses a potential hazard, the nmjimmw likely 
size of such triggered events becomes a question of critical importance. In a few 
well-studied sequences, (e.g., Lake Jocassee in South (Carolina) the earthquakes lie 
within focal depths of less than a few kilometers. If so. and if the above model is 
correct, there would appear to be a lower potential for severe earthquake damage 
than has been anticipated. 

Recent Burve3rs of the earth sciences by the National Academy of Sciences (NAS) 
including a Committee on Science, Engineering and Public Policy ((XBEPUP) Re- 
search Briefing on the Solid E^arth Sciences have reconunended that NSF supple- 
ment its small grant research programs in earth sciences with selected larger multi- 
institutional projects aimed at a new and more comprehensive understanding of tbe 
continental lithosphere — the outer, relatively rigid layer of the earth, approximately 
100 kilometers thick, and underlain by less rigid rocks. 

A basic and more advanced understanding of the earth's lithoephere in general, 
and tbe structure and characteristics of the crust underiying North America specifi- 
cally, could result in important scientific discoveries. These, in turn, could lead to 
breakthroughs in new energy sources and mineral deposits, respoosible methods of 
waste disposal and advances in prediction of earthquakes and volcanic activity. 

The Earth Sciences Division has added a new program, the Continental Litho- 
sphere Program (CLP), to address projects of the type envision^l in the NAS re- 
ports. Some areas of research within this program may have applicability to the 
HEHRP. One such area involves seismic investigations of the continental crust iW 
area includes both seismic reflection profiling and seismic refraction studies and 
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provides the most detailed information on deep structure. The regional consortium 

CALCRUST mentioned earlier is an example of a project in this ai«a supported by 
the CLP. CORCORP, the Coreortium for Continental Reflection Profiling project at 
Cornell University featured in previous years earthquake testimony ia another ex- 

Another priority research area possibly applicable to the NEHRP and identified 
by the NAS reports is the use of modem, digital, wide-band, wide-dynainic-range, 
seismograph arrays. Such arrays, linked to computers, can provide high-resolution 
imaging of the crust and deeper parts of the lithosphere. They may be able to pro- 
vide the data needed to determine the precise location and mechanism of earth- 
quakes anywhere on the globe in near real time using satellite telemetry. Modem 
digital data permit the use of sophisticated tomographic techniques (similar to CAT 
scans in medical science) to map the structure (and possible kinematics) of the lith- 
osphere and deeper parts of the earth. NSF would be cooperating in this area of 
research with tixe U.S. Geoliwical Survey which operates the current, largely 
anal<«. World Wide Standard Seismograph Network (WWSSN). This network has 
provided much valuable data for basic seismological research over the past twenty 

Funding for the program in the AAEO Directorate followed Option B of the guide- 
lines set by the 1976 Newmark-Stever Report throughout the duration of those 
guidelines. In FY 1985 the Program will be funded at $8-4M. The funding requested 
for FY 1986 is $11,0M, the increase reflecting funds requested for the priority re- 
search areas mentioned above in the Continental Lithosphere Program. 

Close coordination among the pn^rams of the Earth Sciences Division, earth- 
quake engineering research, the eartiiquake prediction program of the USGS, and 
the earthquake research programs of other agencies is very important. This is at- 
tained by close personal contacts of pr(^am personnel and by liaison membership 
on each other's Advisory and Evaluation Committees. 

I would next like to describe some of the activities carried out through the Elarth- 
quake Hazard Mitigation Program, in the Engineerit^ Directorate. Elarthquake Ed- 
^eering research activities have existed at NSF as a separately identified activity 
since approximately 1964. As reoi^anizations within NSF have occurred over the 
years, the Earthquake Hazard Mitigation Program pn^ressed from its initiation as 
a part of an integrated Natural Hazards Research Activity to a separate program in 
the Directorate for Research Applied to National Needs (RANN), the Directorate for 
Applied Science and Research Applications, the Directorate for Engineering and Ap- 
plied Science, and the Directorate for Engineering. In a recent reorganization of the 
Ehigineering Directorate, the Earthquake Hazard Mitigation Pribram was placed In 
the Critical Engineering Systems Section of the Division of Fundamental Research 
for Emerging and Critical Engineeing Systems. Within this new organizatiottal 
structure the Elarthquake Hazard Mitigation Prc^am is a vital part along with the 
companion prc^ams, Natural and Man-Made Hazards, and Systems E^ineering 
for Large Structures, They share a common concern for the development of an im- 
proved knowiei^ base for solving such problems as: potential destruction or loss of 
service; deterioration from age; long-term use or exposure; assessment for safety or 
serviceability; reduction of future maintenance costs; and innovation in the possible 
future changed usage of constructed facilities in the United States, 

In terms of economic importance, the yearly capital construction costs in the U.S. 
exceed $360 billion and are the largest single item represented in the economic indi- 
cators published by the Department of Commerce. The total accumulated construct- 
ed capital investment in the U.S. is thus very substantial and is a vital element in 
the functioning of economic activity and health of the country. 

The Earthquake Hazard Mitigation Program has previously been reported under 
three Program Subelements; Siting, Design, and Societal Response. These same sub- 
elements were used in preparing the FY 1986 budget. However, within the Critical 
Engineering Systems Section, the Earthquake Hazard Mitigation Pribram has been 
divided into four new subelements which take into account research efforts now suc- 
cessfully completed and the elimination of the Societal Response title as a eubele- 
ment of this pn^ram. These new subelements are intended to emphasize areaa of 
research which are currently most important for earthquake engineering, lliMe 
pn^(ram elements and their general objectives are: 



This addresses the fundamental engineering issues related to earthquake ground 
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llus addresses fundameDtal engineering issues related to 
scientific seismological and girxind-motion data into basic engineering seismic load- 
ings: the derclopfnrat c^ innoratiTe and practical analytic methods to predict the 
leqxmse of contracted systems to earthquakes, the de%'elopinent of basic eogineei^ 
ing infiMmation of the dynamic resistance of new and existing constructed systems, 
adrances in risk analysis methodology, and the identification and dei'elopment of 
test bcilitiea which aiv important to undeistanding and predicting the seismic be- 
havior of constructed systems. 

Hus addresees fundammtal architectural and mechanical systems which general- 
ly compr ia e portkwis <rf stmctuies and faciUties which are not taken into account 
when evaluating the stimgth and resistance of a etnicture to earthquake fbrtxa. 
Also included are items such as computers, building conterits. mechanical equip- 
mMit and electiical distributimi equipment. 

KABTH<)UAKK SYSTEMS INTEGRATION 

lliis addrenes fundamental engineering issues concerning more effective applicft- 
tton of knowledge by engineers, architects, planners, and other practitioners to miti- 
^ting, preparing for and recovering from earthquakes. Research supported includes 
uinovative efforts which stimulate the flow of knowledge from knowledge producing- 
sjstems to knowledge uaing-systems. 

I would like to highlight a few activities which have been carried on under the 
N^ Earthquake Hazard Mitigation Program. 

Maaoaary Raearch. — The large niunber of buildings constructed from unrein- 
forced masonry are a significant seismic hazard in many parts of the U.S. and in 
other countries. As only minirrml basic engineering studies have ever been carried 
out under static, let alone dynamic, loading conditions, the knowledge-base for ma- 
smuy systems is dangerously deficient Such construction presents a real dilemma. 
Because masratry construction has been used for perhaps thousands of years, it is 
generaUy assumed by the public that we must have a complete knowledge of the 
bdiavior of such systems. Unfortunately the knowledge base which has developed is 
primarily empirical information accumulated over time and this information pro- 
vidaa inadequate guidance for extrapolating to dlfTerent conditions. Hus, in order to 
aaaeas the potential hazard of un reinforced masonry systems and to develop iimova- 
tive irays to reinforce and retrofit such systems, an improved understanding of their 
behavior is needed. A first step in that direction was achieved through an NSF re- 
search program which studied unreinforced masonry systems such as might occur in 
typical low-rise structures. The study was carried under a consortium of investiga- 
tors (the A-B-K groupl formed for the purpose. An interesting outcome of the study 
was that for a majority of unreinforced masonry structures, horizontal forces due to 
earthquake motions are transferred through horizontal wood diaphragms (i.e., floor 
systems), and the knowledge of the horizontal toad transfer mechanisms for wood 
diaphrsgrm was as inadequate as that for masonry. Thus in order to study the ma- 
stmry problem, a pilot effort on wood diaphragms had to be conducted. 

As a first phase in acquiring knowled^, the program has been extremely succem- 
ftil and the knowledge (^eloped has already been incorporated in new methods ftn- 
the retrofit of certain types of existing unreinforced masonry structures. This new 
approach provides significant savings over methods previously considered and will 
simplify the upgrading of unreinfort^ masonry structures in large areas of the U.S. 
which face lower-frequency seismic risks. The transfer of this information to those 
who might benefit from or use such information is being encouraged through sup- 
port of workshops and conferences. 

Learning from disasters.— The NSF has arrangements through the National Acad- 
emy for ^gineering and the Earthquake Engineering Research Institute <EERI), for 
dispatching investigator teams to areas damaged by natural hazards to capture per- 
iahable information that rapidly disappears during rescue and clean-up operations. 
Such information is absolutely essential for improving the knowlec^ base for the 
behavior of constructed facilities under true simulated, loading conditions. This pro- 
vides verification of computer-based analytic methods and baaed experimental stud- 
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In the last few weeks a team was dispatched to Chile to study the effects of an 
earthquake which caused extensive structural and ground damage on the night of 
March 3, 19g5. This team is a cooperative one involving NAE, BERl and a number 
of private companies. 

Contained Explosive Tesling. — Working under NSF support a new method haa 
been developed to simulate earthquake ground motion. The development of the in- 
place method has the potential to provide a new dimension to our capabilitjea to 
test and understand the ground motions, and resulting damage to structures and 
lifeline systems. This technique can be used for full scale tests under actual condi- 
tions. The technique essentially involves producing earthquake like ground motionH 
by simultaneous detonation of a buried array of vertical line sources. The k^ fea- 
ture of each line source is a cylindrical tube surrounded by a rubber membrane into 
which explosive gases are vented. In order to provide verification of the technique, 
theoretical studies are being made of the ground motions produced by the exploeive 
array and compared to ground motion produced in the near field by large earth- 
quakes. This method, if successful, opens up the poesibility of in-place full scale test- 
ing at high levels of ground motion, with minimal disturbance to the environment. 

Smart Strong-Motion Array. — Although seismological studies provide a basis for 
establishing the potential frequency of earthquakes and the locations of previous 
earthquakes, they do not provide one vital piece of engineering information, "nds is 
the intensity of the actual strong-ground motion which takes place at or near the 
surface of the ground at specific points. The picture of ground motion intensities can 
become quite complex due to modification of transmitted wave energy by variations 
in soil properties and from reflected, refracted and re-radiated wave energy. Strong- 
motion measurements made at specific points have increased in number in recent 
years but the bulk of these measurementa are point measurements which do not 
provide information on the spatial correlation or variation of ground motion over 
distances of engineering rather than geological interest. 

In order to develop improved knowledge of spatial correlations of strong ground 
motions needed for design of lifeline systems, and in order to establish the probable 
level of natural variation in local strong ground motions, plans have been developed 
for a coordinated array of strong-motion instruments which could record such imor- 
mation. In order to optimize the recovery of data it is desirable to place such an 
array In a rather active earthquake area. Such a site has been found in Taiwan 
where both an active site and one of interest from a soil mechanics point of view 
exists. An instrument array known as the "Smart Strong-Motion Array" has been 
installed on this site. The initial installation is primarily a surface array which i» ' 

networked together to provide a mini-tomographic (as compared to the crustal stud- 

ies previously described) picture of strong ground motions over the area of the .^ 
array. A number of significant strong-ground motions have already been captured ^ 
by the array. 

Future plans are to install "downhole" instrumentation which will provide ^m-^^^ 
third dimension to the data captured by the array. This will provide much bette:^=^^ 
data on the spatial properties of strong ground motion and a better basis for engj— -^^S 
neering characterization of strong ground motion. 

Computer Utilization. — One product of many NSF research programs has been ii— ^i^^ 

novative approaches for using computers in the analysis and solution of engineerim ^ 

problems. A strong effort has been made to make these programs available to pote^^^erx. 
tial users. Since 1971 the Earthquake Hazards Mitigation Program has Hiippnr«i- ■< 

the National Information Service for Earthquake Engineering, One activity of th ^ in 

service is to make available computer software, developed under public suroor^^^rl^ 
which is related to earthquake and natural hazard problems. Althoi^h most of th^Khe 
software is not in a "commercial" form, the software presents new concepts and tb^V— lie 
"cutting edge" of research. Numerous firms, government agencies and otfaer r^^_re- 
searchers have used this service to obtain new computational developments wIiIl^ ich 
are then incorporated into other programs, many of which form new capabilities. ^h~ As 
a result of this work a majority of the earthquake engineering computer analy ^Wr-^rf M 
and software programs in the U.S. and many other countries are based on or inflf^S'lu- 
enced by NSF-supported efforts. 

Recent advances in computational equipment are mailing it feasible to carry a^E=^ out 
analyses which were not previously possible. For example, one recent computer pi^^c^ro- 
gram, COMBAT, developed with NSF support will make it possible to routinely yim r^fr- 



form ^-dimensional analyses for building structures. The program is now being u 
and evaluated by a number of groups. There is now a high probability that a UMS 
^up will be formed to continue development of this important tool without requ-i 
ing substantial further government support. 
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g evaloatians. Hie data from the l^iwan air^ on 

^^_„ js within the land area of typical fonndatioos. lifeline eartb- 

quMke e n gine e r ing data fmai PItC cooperative research, and the campariaan of data 
bom digital i urtjum enta imaalUJ in Mexico are some excellent exampka of unique 
i«snlta d ei i »e d frm tbeae cooperame actirities for uae in the United States. 

Sii nit"' " uuut>efalii« eodeamn with Japan have resulted in the deagn. tabricKaoD 
and **■*"£ of luge ea^Krimental systems for earthquake eDgineering evaluatkos cf 
stractares boih with L S. and Japan demgn ^iproadies and speoficatMos. 

I mold like to ie> i c w with ytm foture [rians for the Earthquake Ha^^ Uitiga- 
tMm pragram. As vou have already beard, the Program has been testructiued to 
hf g*'l'g *'t critical areoB of reaesicb and has been incOTporated in ■ new section of 
the Bngioeering Direcunate. This is intended to take a more integrated approach 
t0«>«rd devdoping an improi«d knowledge base (or designing. asaesBing. preserving. 
tip gr a d in g. and enhancing constructed facilities, and toward optimizing perfbrmaoce 
and life<7Cle cons for these focilities. 

At the present time we are engaged in an internal systems aoalvsis of the content 
of tte Earthquake HwanI Mitigabim research [>Tigram at NSF This anstEts of 
evalnaling the relationship of the individual projectE u> each other, and to the over- 
allgoal of earthquake mitigation. 

We also plan an external q i^tem s analysis of the Earthquake Hazard Mitigation 
research program at NSF by an independent contractor. Hus will evaluate the over- 
all program in relation^p to potential hazards, the activities of the other Fedsal 
AgBodm. and to other natural and otan-made hazards that inflict sevoe keses and 
suffering oo the public. We expect the results to become available within a year, 
"nie results of NSF funded research in earthquake engineering are often impoi^ 
taut to states and towns as they develop new codes. In order to accelerate the ez- 
efaange of knowledge between ttia research community and the user cooununi^. we 
would like to expliore plans for establishing a jointly funded research colter at a 
ttn iv er aity for the study of nutigati<Hi of ear^qimke hazards. Such a center will also 
enable the research conununity to conduct a ^rge coherent project that iiKlividual 
reseaFcliets carmot purnie. 

One specific item which I would like to mention concerns the Societal Re^xmse 
eletnent as onginallT presented in the budget. 

This element of tne Earthquake Hazard Mitigation Program has a number of re- 
search accomplishments to show in some of the principal areas of interest. 

Mitigation and Prepartdnett. — We have achieved significant advances in under- 



The mfluoice of hazard perception on corrununity mitigation preparedness ded- 
skma 

How seismic building codes and land use plans are adopted 

Tbtt effectiveness of hazard insurance progtams and other types of protection. 

Ditatler JmpacU and Raponses.— Major advances have been made in understand- 

Differential impacts of disasters on various population groups such as minorities 
and the elderly 

Tlie nature of community recovery from disaster 

Information DiMsemination and IVarning.— Much has been learned about: 

How populations respond to disaster warnings and forecast. 

Social and institutional barriers to more effective responses. 

There is evidence that both public and private groups are using the knowledge 
produced by researchers funded by NSF in the area of societal responses. Swne of 
the knowledge produced on mitigation, preparedness, disast^ impacts and liuman 
remtonses is now reflected in the plans, procedures, and training programs of the 
Feoeral Emergency Management Agency, the American National Red Cross and the 
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California Seismic Safety Commiaaion. Alao results fo)m reaearch on hazard infar> 
matioQ diseemination and disaster warning have found their way into organizations 
with warning responsibilities such as the U.S. Geological Survey, the National Oce- 
anic & Atmospheric Administration and the National Association of Broadcasters. 

Research in the area of societal response has been redirected and re-focusad on 
the nature of the technology delivery system in earthquake mitigation, on institu- 
tional rules and interactions, and on systems integration. 

Funding for the Earthquake Hazard Mitigation Program in the Directorate for 
Engineering will total J17.2M for FY 86. The funding requested for FY 86 is $18.2M 
which includes S16.4M in the Earthquake Hazard Mitigation Program, {1.3M in 
other engineering activities applicable to Earthquake Hazard Mitigation, and S.6M 
in the use of computers for modeling. The funding requested for FY 86 in the AAEO 
Directorate is $1L0M. 

Feasibility studies for future lai^e-scale test facilities needed to answer other 
earthquake engineering problems will be continued, however these will need to be 
cost shared and maintained by states that will beneHt the most from earthquake 
hazard mitigation research. 

U.S. Earthquake Engineers are among the beet in the World. An objective of the 
Earthquake Hazard Mitigation Program is to continue such scientific and technical 
leadership through the continued development of fundamental engineerinK knowl- 
edge primarilv at U.S. Universities. They have the responsibility of providing the 
nation with the necessary people trained in the knowledge of earthquake hazard 
mitigations. 

[The following information was subsequently received for the 
record:] 

Question op the Chairman and the Answers 

Question. In my state of Missouri, we are naturally concerned about the potential 
for catastrophic earthquakes. Can each of you comment on how your agency haa re- 
duced the hazard of a potential earthquake along the New Madrid Fault? What re- 
search have you done in this area? And what more should be done under the EJarth- 
quake Hazards Reduction Act? 

Answer. NSF has not conducted any site-speciiic geoli^ical or enpneering re- 
search along any of the faulting in the New Madrid area. However, NSF has con- 
ducted generic research which is appiicabie to the reduction of effects of potential 
earthquakes. These are being done through the Earth Sciences Division and the Di- 
rectorate of Engineering. 

The Earth Science Division conducts generic research in Fundamental Seismolo^- 
cal Studies where the research is concentrated on the implications of plate tectonics 
and the earthquake process. The goal of the earthquake process research is to devel- 
op an increased understanding of the physical processes leading to and producing an 
earthquake such as those experienced in 1811-1812 near New Madrid. 

The Engineering Directorate conducts generic research in siting and geotechnical 
systems, architectural and mechanical systems, structural systems, and earthquake 
systems integration. The research results are all applicable to the siting, design and 
construction of facilities in the New Madrid area to resist the effects of earthquakes. 
Loss of strength of foundation materials by the process of liquefaction occurred 
during the historic lSll-1812 New Madrid earthquakes. NSF has sponsored most of 
the research and results in rehabilitation and retrofit of unreinforced masonry 
structures to resist seismic effects is important to the New Madrid region. 

NSF is continuing to conduct generic research in the area stated above. The re- 
search is not complete but it is focused toward a better understanding of the causes 
of earthquakes, better and more economic seismic design processes and methodolo- 
gies, and increased protection of facilities and lines from the effects of earthquakes. 

QuBSTiON or Senator Gorton and the Answebs 

Question. How serious is the need for a lai^ scale testing facility relative to Other 
uses for the same money elsewhere in the earthquake program? 

Answer. Within the earthquake engineering community, there is near unanimi^ 
that a need exists for data on the oehavior of earthijuake — excited full scale oT 
nearly full scale multistory structures from the initiation of structural damage to 
collapse. To obtain these data in a rapid manner, thus contributing to the improve- 
ment of d< m and construction of more seisnucally resistant structuree, wiU re- 
quire the blishment of a large scale experimental fecility. These broad general 
.ons were confirmed by a rscent report (1984) prspored by the Natitw- 
vsivit i.«uncil on Earthquake Engineering Facilities and uiBtrum«itation. 
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Current jKtHiaiiaay estiitiatM indicate die establiahDMnt of a lai^ scale ^cperi- 
nwnlul focUi^ would reouire a capital espenditure of at )e«Bt one magnitude Ituger - 
than the one-yw NSF Earthquake Hamd Mitigation Progrun bui^et. Hence, it 
iimwwiii ibat A m eco umu ieaUy impnctical to eataUiah a large scale eiperimental 
&c3li^ umng the cnrrmtly available funds. 

Semal univeratties do have strong academic and research programs in Barth- 
qttake Basard Mitigation and NSF continues to su^qnrt tbeee outManding pTt>- 
grmxm. Theee nn iv e i a it ie e also have limited esperimenMl hcilitise to condoct sinaU 
to madinni aeale experimenta and NSF actively supports upgrading and ezpannon 
of tlieae fadlitiea. NSF ezpenditurea to support theae fecilitiee come from the cur- 
rent tmdget and have been at a level of about ten pereest of the budget. We int«nd 
to oratanoe this support function. 

■Rie lack of a lai^ scale experimental facility has tite effect of lengthenii^ the 
overall sdiedule to atrive many of the problems and issues in Earthquake Hasard 
Mitigation. Without the large scale facility, research will continue and the eorth- 
•jnake engineering community will neceasarily rely on analytic techniques, small 
and medinm srale experimentation, and computer simulation and modeling. 

Question. Has any of your "lifeline" engineering research focused on the safety of 
^■^WiTi'fl'' plants in an earthquake? In the aftermath of BIh^wI, could this be viewed 
AS an important problem? 

Answer. Research conducted by the Earthquake Hamrd Mitigation Pro^^m has a 
«lirect relationship to chemical ^ants. 'Hie Program subelements are Siting and 
Geotechnicsl Systems, Structural Systems, Architectural and Mechanical Sy^ma, 
and Systems Integration. The research conducted in these sub^ements are related 
"~ " n of ground motion, design methodologies for facilitiea. performance of 
' r of technology to engineers and ofRcialB; all of which are 



a good dtemical plant design practice. Additionally "lifeline" engineer- 
ing reaaarch is conducted within each subelement. 

An example of earthquake engineering research directed toward facilitiee such as 
fh«wip»i plants is a project bei^ ci»duct«d at Stanford Universitv. The subject of 
tliia reae a r ch is "Seismic Risk to M^jor Industrial Facilitiea". In this n w earC h 
p roject, the principal investigators have carefully examined the reaearch results hy 
amrfying the s«smic risk methodology to a large oil refinery which is a com|dax 
chemical plant 

Otemica] plants also contain and can be part of complex pi] 
" " y of Civil I 



spcnsored research. thitMigh the American Societv of Civil Bngbieers, in tlw de- 
nent of "Guidelines for the Seismic Design of Oil and Gas FHpeline STStems". 
guidelines represent an important and significant contribution to liRline t«- 



NSF views the seismic safety of chemical plana, as well as other industrial fadli- 
tiea, as important safe^ issues both fnua a potential for loss of lives and loss of 
investment and industrial capability. It is our intention to continue to address the 
issues of seismic safety o[ industrial facilities as we have in tjie past to provide the 
ftutdamental knowledge necessary for improved design guidelines and methodolo- 
gies. 

QUBSTtONB or SENAtDR PRBSSLBR AND THK AnsWKRS 

Otation. I have been very interested in developing the Continental Scientific 
Drilling Program (CSDP), in which your agency is involved. 1 am particularly inter 
eated in hearing your thoughts on me extent, if any, to which the specific prooranw 
of the Earthquake Hazards Reduction Act efforla could be integrated wiUi the 
CSDP. 

Answer. The study of fault^ones and earthquakes mechanisms is one of the sever- 
al m^ior objectives of the Foundation's Continental Li^osphere Program which HO- 
vides the context for the Foundation's activities in continental acientifK drillmg. 
Two studies are currently underway to identify promising drilling targets induding 
those where drilling would contribute directly to the understanding of ^ult-ione 
structure and earthquake mechanisms. First, the Continental Scientific Drilling 
Committee (CSDC) of the National Academy of Sciences has nearly finished a rgiort 
entitled: Downhole Physical Properties Measurements and Fault-&)ne Drilling (Kaff 
Officer Robert Andrews 202-334-3350). This report identifies five sites where drill- 
ing would provide critical information relating to earthquake hazards. It also dis- 
cusses the importance of continuous downhole monitoring of active fault'ionee. 

Second, a workship is being cc-nducted by Deep Observation and Sampling of 
Earth's Continental Crust, Inc. (DOSBCC) on 29 April-1 May to plan future N8P- 
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sponflored drilling activities. At least six projects related to earthquake hazards will 
be considered at this meeting (Coordinator: Dr. Edward Schreiber 718-520-7421). 
Both of these activities (the CSDC report and the DOSECC workshop) are sponsored 
hy the National Science Foundation, the Department of Energy, and the U.S. Greo- 
logical Survey under the Interagency Accord on Continental Scientific Drilling. 

Question. In comparison to other techniques, how effective would continental 
cnut drilling be in achieving the goals of the Earthquake Hazards Reduction Act? 

Answer. Drilling will be especially useful for obtaining direct measurements of in- 
situ stress, pore-pressure, and temperature within activie fault-zones. Such measure- 
ments should resolve important questions about the stress levels required to cause 
earthquake movement and about the role of pore fluids in triggering or facilitiating 
such movements. Such studies will complement, but not replace, geological, geo- 
physical, and geochemical studies of fault-zones, seismological analysis of eartb- 
qi^ke mechanisms and geodetic measurements of crustal strain. 

Question. Specifically, what is the probability that an effective CSDP could sub- 
stantially increase the lead time for earthquake warnings? 

Answer. Downhole monitoring of microseismicity, variations in pore-pressure, and 
other phenomena in or near active fault-zones may eventually prove to be useftil in 

firoviding advance warnings of future earthquakes, but this has not yet been estab- 
ished, and no specific probability can be assigned to the likelihood of increased lead 



Questions of Sbnator Holungs and the Answers 
Question. NSF and USGS have spent a considerable amount of money in recent 

years on geological research related to understanding and predicting earthquakes. 
In your judgment, has the investment led to significantly improved scientific 

knowledge about earthquakes? Are we making progress, even in the difHcult area of 

Answer. Within NSF. fundamental research on the nature of earthquakes is sup- 
ported through the E^th Sciences Division in the Astronomical, Atmospheric, 
Earth and Ocean Sciences Directorate. 

The primary goal of the NSF research involving fundamental earthquake studies 
is to acquire greater understanding of the fundamentals of the earthquake phe- 
nomenon and associated processes. Such an understanding is essential for the even- 
tual prediction of earthquakes and destructive ground motion. These fundamental 
studies will provide the framework on which more empirical programs of earth- 
quake prediction can be based. 

Significant progress has been made in recent years toward a better understanding 
of the earthquake process as the following list of accomplishments demonstrates: 

Delineation of "seismic gaps" and a map of seismic potential for the simple m^or 
plate boundaries of the earth; 

Increased knowledge of the nature of subduction zone earthquakes and the physi- 
cal processes by which they are generated; 

Better knowledge and underatanding of the state and magnitude of stress in the 
earth's lithosphere; 

Evidence that most large plate boundary earthquakes are complex multiple 
shocks that consist of a number of smaller events; 

The association of the location of particular intraplate earthquakes with faults 
and other tectonic features; 

The improved delineation and understanding of lateral heterogeneity in the 
Earth; 

A better understanding of the processes that go on in rocks prior to an earth- 
quake and of the details of the final rupture and energy release; 

"Die introduction of a new, more quantitative measure of the "size" of an earth- 
quake, the moment; 

The inverson of seismic data to determine the moment tensor as a function of 
time — a measure of the temporal pattern of stress release; 

The improvement of discnmination between earthquakes and underground nucle- 
ar explosions; 

Improved procedures to compute synthetic seismograms; 

A better understanding of the dynamic processes of faulting — how a fault rupture 
nucleates, spreads, and fmally stops, and the effects seen in seismograms from each 
of these three stages in the faulting process; 

An increased knowledge of the phenomena that occur on a fault within the zone 
of crushed material; 
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discovery that a number of mafOT earthquakes have been preceded by a pre- 
Ty cluHtering of Hmall earthquake events in their epicentral regions; and 
arch on tilt, magnetic Reld, reeistivity and gas emanation, which has fiir- 
some suggestive, but not universally accepted, precursory data. 
tion. As I read your budget, your current fiscal year 1985 spending plan for 
iiake hazard mitigation is 13.8 percent below what was originally planned for 

] drastically? What previously 

ver. The Engineering Directorate is making a concentrated effort to leverage 
m funds by involving state and local government funds in the Elarthquake 
1 Mitigation Program. Success in this endeavor could increase the total funds 



lie for Earthquake Hazard Mitigation Research, 
■der to develop a more integrated program, research on Societal Response has 
liminated as a separate program element and has been mei^ed into the other 
oake engineering research activities. Some <tf the Societal Response research 
lee have achieved their stated objectives and will be phased out. These include 
:h on emergency response and reactions to disaster waminga. As significant 
develop in Uie future, they will be given special attention, 
tion. In your testimony, you mention that the new Continental Lithoephere 
m may have applicability to the earthquake program. 

earthquake-related concerns by explicitly part of the mission of the lithoft- 
program? 

ver. Yes, earthquake related concerns will be explicitly a part of the research 
ted by the Continental Lithoephere Pribram as explained below. 
nt survey of the earth sciences by the National Academy of Sciences (NAS). 
ng the Commmittee on Science Engineering and Public Policy {COSEPUP) 
ch Briefing on the Solid Earth Sciences, have recommended that NSF supple- 
ts small grant research programs in earth sciences with selected larger miilti- 
tional projects aimed at a new and more comprehensive understanding of tjie 
intal lithosphere— the outer, relatively rigid layer of the earth, approximately 
I thick, and underlain by less rigid rocks. 

laic and more advanced understanding of the earth's lithosphere in general, 
e structure and lithology of the crust underlying North America sperafically, 
result in revolutionary scientific discoveries. These in turn could lead to 
hroughs in new energy sources and mineral deposits, responsible methods of 
lisposal, and advances in prediction of earthquakes and volcanic activity. 
leponse to the above recommendation, the Earth Sciences Division has added 
program, the Continental Lithosphere Pribram (CLP), to address projects of 
pe envisioned in the NAS reports. In particular, these reports identified a 
r of high priority areas for emphasis and several of these are directly applica- 
ths National Earthquake Hazards Reduction Program (ENHRP). One such 
ivolves seismic investigations of the continental crust. This area includes both 
; reflection profiling and seismic refraction studies and provides the most de- 
information on deep structure. COCORP — the Consortium for Continental Re- 
1 Profiling project at Cornell University featured in previous year's earth- 
testimony is an exmaple of a project in this area su^orted by the CLP. 
iier priority research area applicable to the NEHRP and identified b^ the 
eports is the use of modem, digital, wide-band, wide-dynamic-range, seismo- 
arrays. Such arrays, linked to computers can provide high-resolution imaging 
crust and deeper parts of the lithosphere. They can provide the data needed 
irmine the precise location and mechanism of earthquakes anywhere on the 
in near real time using satellite telemetry of the data. Modem digital data 
. the use of sophisticated tomographic techniques (similar to CAT scans in 
il science) to map structure (and possibly kinematics) of the lithosphere and 
parts of the earth. NSF would be cooperating in this data of research witii 
S. Geological Survey which operates the current, largely analog. World Wide 
trd Seismc^aph Network. This network has provided very valuable data for 
eismological research for the past twenty years. 

ition. The cause of U.S. earthquakes east of the Rocky Mountains is not well 
<tood. Since these taken place in the mi" " " ...... 

. by the usual mechanism of friction be 

< pose real hazards to life and property. 

it percentage of the Elarth Sciences Division's earthquake prc^am is explicit- 

;>ted to research on the "intraplate" processes that cause earthquakes east of 

■cky Mountains? In light of recent discoveries that eastern earthquakes may 

r periodically, will this percentge change in the coming years? 
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Answer. The Elarth Sciences Division supports fundamental investigations of the 
earthquakes process, and all of this researcn is in some way relevant to the problem 
of earthquakes east of the Rocky Mountains. 

More specifically, in fiscal year 1984 approximately $3.0 million out of a total pro- 
gram of |8.3 million or 36 percent was explicitly devoted to research on the earth- 
quake process in the Eastern U.S. The future percentage of the proeram devot«d to 
the study of eastern earthquakes will depend on the importance the seismologica] 
community places on this area of research and the number of proposals submitted 
to NSF for the support of such research. 

An important area of research for the future concerning eastern seismicity will 
certainly be seismic reflection profiling. This is especially true for eastern earth- 
quakes, because east of the Rocky Mountains, faulte are often obscured by vegeta- 
tion and thick sedimentary cover and movement of these faults rarely results in 
ground breakage. The COCORP (Consortium for Continental Reflection Prolilinft 
Prtiject) at Cornell University is an example of a project supported by the Elarth Sci- 
ences Division whose results are explicitly relevant to eastern seismidtv. In several 
studies, COCORP has obtained reflection profiles in the Southern Appalachians and 
New England Appalachians, which have revealed buried faults tliat may have 
played a role in several large historical eastern earthquakes, for example, the 1886 
Charleston earthquake. 

For much of eastern North America the instrumental record of earthquakes is 
quite short, less than 50 years. Nevertheless, the record of felt earthquakes is 250 to 
300 years in several areas. Progress is being made in reanalyzing the felt reports 
from older earthquakes so as to pinpoint the locations of those older shocks, esti- 
mate their magnitudes, and provide estimates of the energy released. Within the 
next 10 years these techniques, coupled with seismoiogical exploration techniques 
like reflection profiling for determining geological structures responsible for eastern 
earthquakes, should begin to provide reliable estimates of recurrence intervals and 
the long-term hazards for this region. 

Question. NSF now helps support an important library of earthquake documents, 
liased in Berkeley, California. As valuable as this library is, it is dimcult for eastern 
researchers to reach. 

Are there any plans to help fund a second earthquake library in a place more 
accessible to eastern researchers and officials? 

Answer, The National Information Service for Elarthquake Engineering is work- 
ing on plans to make itself more visible and accessible to eastern researchers and 
officials. This is reflected in the fact that there is eastern representation on its Na- 
tional Advisory Commmittee. Also its documents, such as the Abstract Journal, are 
available by mail throughout the country and it is convenient for persons locatad 
anywhere to subscribe to its computer software service. 

There are no plans to fund a new library at this lime. However, as in the past, we 
will consider, based on availability of funds, and appropriately evaluate any unsolic- 
ited proposals submitted to help establish such an information service. 

Question. You are cutting the societal response element of your earthquake engi- 
neering program. 

Exactly how much are you reduicng this activity, what is being phased out, and 
why do you feel that this element is no longer as important as before? 

Answer. Societal Response, which has a budget of $.9 million in fiscal year 1986. 
will be phased out as a separate budget entity in fiscal year 1986, Significant activi- 
ties that would have been supported under this element, such as uiformation dis- 
semination, will now be supported in the Earthquake Systems Integration compo- 
nent of the Earthquake Hazard Mitigation Program, These activities are as impor- 
tant as before and curtailments because of limited resources will occur only in thoae 
areas where much has already been learned. These areas include research on enter- 
gency response and reactions to disaster warnings. 

Senator Gorton, Thank you. Dr. Suh. 

Mr, Kammer, you and I seem to be the only nonscientists here 
today. That is not the reason you were left for last. 

Mr. Kammer. Thank you, sir. My name is Ray Kammer. I am 
the Deputy Director of the National Bureau of Standards, and I am 
here to discuss the earthquake hazard reduction activities of NBS. 
These activities are conducted in the Center for Building Technolo- 
gy- 

The proposed NBS budget for fiscal year 1986 includes some very 
significant pn^am changes amountii^ to about $33 million out o( 
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a budget of $120 million; about $16.5 million in increases and about 
$16.5 million in decreases for the pn^ams. 

One of the decreeises proposed is the termination of the Center 
for Buildii^ Technology. 

Senator Gorton. Please get a little closer to the microphone so I 
can hear you. 

Mr. Kammer. One of the decreases we propose is the termination 
of the Center for Building Technoli^y. This would include stopping 
the NBS efforts of earthquake reduction. This action is included in 
this budget for two reasons. First of all, to allow NBS to undertake 
new programs addressing critical new technologies without increas- 
ing our budget; and second, to implement the administration's 
policy of disengaging the Federal Government from areas in which 
State and local governments have primsuy responsibility. Building 
and safety codes have traditionally been within the purview of 
State and local governments. 

This concludes my statement, Mr. Chmrman. 

Senator Gorton. Mr. Kammer, I think I will start the questions 
with you. Do you have any evidence that either State and local gov- 
ernments on one side or the private construction industry on the 
other side is able or willing to take over the role of the Center for 
Building Technology? 

Mr. Kammer. Well, if I may, I will make two comments. First of 
all, people very seldom volunteer to take on such an obligation if 
they have a choice in the matter. No people have pressed forward. 

Second, there has been some activity in the private sector. The 
Building Seismic Safety Council that was mentioned in earlier t0»- 
timony is in the private sector, and it is developing, in fact, build- 
ing codes and practices for use by the private sector for buildings 
that are more earthquake resistant. So there is some possibility. 

Senator Gorton. How does it compare in size and scope with the 
NBS Center for Building Technology? 

Mr. KambiIER. Well, the entire Center for Building Technology is 
approximately $12.5 million. The part of the center that works on 
earthquake hazard reduction is approximately $1.3 million, of 
which $475,000 is directly appropriated, and $800,000 is provided by 
a combination of FEMA and NSF. 

The Building Seismic Safety Council is essentially a voluntary 
group with effort provided by people who participate in it. I would 
not think that the dollar amount was large. 

Senator Gorton. Dr. Suh, in your statement you discuss the cut- 
back amd the redirection of the societal response research. The 5- 
year plan for the earthquake prt^ram describes several £u-eas in 
which societal response research was needed. What has changed, if 
anything, since the 5-year plan was released in January? 

Dr. Suh. Senator Gorton, in our restructuring of the engineering 
directorate we have eliminated societal response as a separate pro- 
gram element. However, many of the issues related to societal re- 
sponse will be pursued within the restructured pn^ram; and we 
will support research that deals with technology transfer, informa- 
tion dissemination and research that has implications for the eco- 
nomic, societal and pohtical areas by incorporating them eis part of 
the earthquake systems integration subelement of the Earthquake 
Hazards Atitigation Program. 
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So in some ways we have eliminated as a separate element of the 
research program some program titles supported in the past. But 
we feel that one of the best ways of making sure we understand 
the implications of NSF-supported research is by incorporatii^ 
some of these things as a more int^rated part of our overall re- 
search program. 

We now have four different Bubelements within our ElarthquEtke 
Hazard Mitigation Program. One of these is called the E^arthquake 
Systems Int^ration Program. It deals with a broad range of sjrs- 
tems integration issues. And that program defds with fill aspects of 
technology transfer, information dissemination and the conse- 
quence of technological breakthroughs on the associated problems. 

Senator Gorton. Do you have any initial results from the team 
that went to Chile to invest^ate the recent earthquake there? And 
particularly, can you tell us what the performamce wsis of modem 
buildings designed to resist earthquake damage? 

Dr. SuH. No, sir. We don't have any inputs yet. We are eagerly 
waiting for the inputs, and hopefully, we will find out somethii^ 
from them. 

Senator Gorton. Will you communicate with the committee 
when you have something that would be of help to us? 

Dr. SuH. Yes, sir. 

Senator Gorton. Is most of the earthquake engineering research 
that NSF funds at universities in the Western United States? Do 
you believe that the ei^neering research in universities adequate- 
ly trEiins people, if that is the case, for the rest of the country? 

Dr. SuH. Well, obviously the issu^ may be different. For exam- 
ple, in the eastern seaboard we do not have as much understanding 
of what kind of Earth crust motion will result in earthquakes, and 
we really have not had much information on the things that could 
happen eilong the eastern seaboard. We need to do much more. 
However, the basic generic things they learn in schools, the basic 
results of those kind of research I am sure will be applicable in all 
areas. However, we are very concerned about the fact that some of 
the research we are doing may not be addressing some of the par- 
ticular problems that may arise in other parts of the Nation. So we 
hope to have more workshops and conferences to address all these 
issues. 

Senator Gorton. Thank you, Dr. Suh. 

Dr. Peck, not only my prepared work here but my fuzzy memory 
of my college geology causes me to think that the geology of my 
home area in the Pacific Northwest is not dissimilar from that (rf 
Chile, Euid as a consequence, earthquakes of a magnitude we re- 
cently saw in Chile are at least within the realm of possibility in 
the Pacific Northwest. 

Is there any ability at this point to predict that there would be a 
similar hazard with respect to California and an earthquake of 
that degree of seriousness in the next three decades in the North- 
west? 

Dr. Peck. To my knowledge not. Senator. As you say, the situa- 
tion is similar to that of Chile in that there is underthrusting of 
the Pacific plate under Washington, and the continent is overrid- 
ing part of the Pacific Ocean floor. Historically, there have been 
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ge magnitude earthquakes in the Puget Sound area of magni- 
le <tf 6 or 7, with a recurrence interval of 1 or 2 decades. 
'. think there is aome debate about the potential for a very large 
ithquake, and sotob sdentists believe indeed there is a potential 

a magnitude 7 or 8 earthquake in the Puget Sound area. I do 
t think we understand the seismic situation in western Washing- 
1 State as well as we do that in Chile or along the San Andreas 
lit in California. 
Senator GosTON. Thank you. 

With the cuts in the USGS funds for fiscal year 1986 what activi- 
B will you not be able to accomplish in 1986 that you would be 
te to do if you had level funding with that of 1985? 
Dr. Peck. Well, our 1985 budget was augmented through action 
GiHigress hy several million dolleu^, and much of those funds we 
ed for the acquisition of equipment, for satellite relay equipment 
d stress measuring equipment to put in bore holes along the 
jlt, and the emplacement of those along the fault So that with 
e dropback in funds, we will be able to continue to operate that 
uipment. 

Ve will have to make some cutbacks in the seismograph net- 
vks, about a 10-percent cutback. We will achieve that by cutting 
t stations that seem less essential and focusing our efforts more 
several areas. 

U with many pn^rams in many agencies at this stage. Senator, 
means a stretchmg out of the activities because of the con- 
lined budgets. 

«nator Gorton. Let us go back to prediction. If the large earth- 
ikfi expected on the southern San Andreas fault would occur, 

a year from now, how likely is it that we will have some kind 
hort-term warning like they had in China? 
It. Prck. Well, I think it unlikely, but at this stage, if you would 
mit me, I would like to turn to Dr. Filson, who could give you a 
more knowledgeable answer. 

>r. FiuoN. Sir, my name is John Filson. I am Chief of the Office 
Elarthquakes, Volcanoes and Engineering in the Geological 
v^. 

ou have to understand that the area we are trying to monitor 
^7alif<xiiia is about 400-500 kilometers long (about 300 miles) 
n the San Diego r^on up to the San Francisco r^on. Current- 
ve are trying to focus our earthquake prediction activities in 
ifornia in those regions we think most likely to have an earth- 
^e in the near future. 

. particularly interesting experiment is going on in central Call- 
lia near Parkiield where we think there is a high likelihood of a 
piitude 6 or so earthquake in the next few years. 
o the answer to your question has a geographic twist to it. In 
se r^ons where we are focusii^ our monitoring activities I 
ik our chances are higher, obviously, than in those r^ons 
are we are not concentrating our efforts. If earthquakes are pre- 
table, I think our chances of predicting the Parkfield earth- 
ike will be high. But the question remains, are all earthqueikes 
dictable, and we do not know the answer to that question yet. 
ienator Gorton. Thank you. 
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How complete a picture, Dr. Peck, do we have of the seismic risk 
in the central and eastern parts of the United States? Are there 
areas where there could be a potential for a lai^ earthquake of 
which we are completely unaware just because there has not been 
one in the last 100. 200, or 300 years? 

Dr. Peck. Well, again, we have a good deal to learn about earth- 
quakes in the Eastern United States. We have a couple of posters 
with us that will perhaps help illustrate the fuiswers to the ques- 
tion, if I may show them. 

We have been focusing our efforts first in the New Madrid area, 
Mississippi Valley in the Central United States, and in the Charles- 
ton area, where there were major historic earthquakes. And we 
have learned a lot about the mechanisms that caused the New 
Madrid earthquake and some idea of the recurrence interval. 

What Dr. Bllson is putting up here is a map showing in red the 
New Madrid earthquakes of 1811-12, Euid the Charleston earth- 
quake of 1886. And then, in blue and green, smaller eeu^hquakes 
and showing their distribution around the Eastern United States. 

One of the problems in estimating the future occurrence of 
earthquakes along the Eastern seaboard, for example, is that in 
spite of our studies, supported in part by the Nuclear Regulatory 
Commission, we still do not know the causative mechanism of the 
Charleston earthquake. We have learned recently from some stud- 
ies of ancient sand blows phenomena which occur during an earth- 
quake, that there has been three or four earthqueikes over the last 
20,000 or 30,000 years in Charleston; so it is a recurring phenom- 
ena, not just a one-time event. 

Without similar detailed studies elsewhere on the E^astem sea- 
board, we really do not know what the likelihood of an earthquake 
would be. There have been historic earthquakes up near Boston 
and up fdor^ the St. Lawrence which indicate that there is some 
likelihood of future earthqueikes there. We have a lot more to 
learn. 

Senator Gorton. Thank you. 

Now, Dr. Sfwck, with respect to aiding States and local communi- 
ties in preparing for earthquakes, how does FEMA ensure that the 
States are getting the maximum benefit out of limited Pederetl dol- 
lars? 

Mr. Speck. Mr. Chairman and members of the committee, we 
seek to do that in a number of ways. I do not know that ^ou can 
always assure that that happens, because that is a reciproaty proc- 
ess. We seek to do it through workshops in which the State and 
loceil governments are involved. We seek to do it through contract- 
ing with State and local governments such as in the Central U.S. 
Earthquake Project or in the Southern California Earthquake 
Preptuedness Project, SCEPP. We do it through national programs 
that are under the leadership of regional groupings. 

What I am bottom line saying is that there is a great deal of 
interaction between the private and academic centers of expertise 
and the State and local governments and FEMA to try to make 
certain that what is being prepared there truly does meet the per- 
ceived needs of all those groups. 

Senator Gorton. How do you plan to test the national response 
plan for earthquakes? 
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Mr. Sfbck. Mr. Chairman and members of the committee, a plan 
which involves a number of Federal agencies was exercised by 
table top this past spring, and we had a number of what you would 
call controUers to see if it seemed to be a good plan, as it were. We 
are now in the process of working with the State of California and 
through the State with local communities in California so that we 
wiU be tying the national plan to the exercise that the local gov- 
ernments are having in conjunction with the State in April. 

And that national plan will be exercised between the r^on eind 
the State in June of this year. It will be reviewed by all of the 
agencies that were involved, as well as the State, to see how the 
plan itself seemed to work as a plsm and where the inadequacies in 
the operational side of carrying it out appeared to be. 

On the basis of that we will go back and hopefully have a final 
draft plan which we will then move to exercise in other areas of 
^e country as well. 

Seoiator Gorton. One of the recommendations of the independ- 
ent review panel was that PEMA establish an independent adviso- 
ry conmiittee for tlie Agency. Is FEMA in the process of consider- 
ing that recommendation, or has it made a decision? 

ISlr. Spkck. We are in the process of considering that reconunen- 
deition on what the best approach for an ongoing advisory panel 
would be. 

Senator Gorton. Thank you, gentlemen. I have more questions 
for each of you, which in the interest of time I will submit to you 
in writing and ask for your prompt response. 

Senator Danforth also has a series of questions primarily relat- 
i^^ifi to New Madrid and Missouri. Dr. Peck answered them in part 
a.'t; least in connection with one of my questions; but he will be sub- 
'saitting some to you as well. 

We now are delighted to have with us someone who I suspect has 
*^*^ interest in that same question, Senator Gore. The panel is open 
'-<^* you for questions. 

Senator Gore. Thank you very much. 
.^The statement focuses on Eastern earthquakes. As a member of 
'-i^se House Science sind Technology Committee, over the last several 
^^^^ars I have held a couple of hearings about Eastern earthquakes, 
'^^-^Dt because of any lack of concern ^ut earthquakes in the West- 
^*ni United States, but rather because I worry that not enough at- 
*-^intion is being given to Extern earthquakes in my State; and I 
^^irili elaborate on that. 

Mr. Chairman, I would also like to ask unanimous consent to in- 
clude by reference in the record an article just published by Mem- 
^^lia magazine and entitled "Living on the Fault Line."* 

New Madrid is the correct pronunciation according to those of us 
~^vho live in Tennessee and the boot heel of Missouri. 

Correct me if I eim wrong, but the energy released from the New 
*4adrid quakes of 1811 and 1812 equaled or was greater than the 
^nergy released in b1\ other earthqiuikes in the Continental United 
StatM combined in recorded history. That is correct, is it not? 



\ 



' Aitiels fitxa Hemphii, Vol. 9 No. 11, Mar. 19S5, p. 36. 
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Dr. Pbck. For that answer I need to refer to my earthquake ex- 
perts. 

What do you say, John? 

Dr. F1L8ON. My neime is John Filson. I am the Chief of the Office 
of Earthquakes, Volcanoes, and Engineering. 

Senator, it may be close. The reports are three magnitude 8 
earthquakes or greater in the New Madrid area within a few 
months in 1811 and 1812. I cannot do the calculation in my head 
right now, but given what I know about energy release, the state- 
ment sounds a little — causes me to pause. 

But it may be correct. I would have to check. 

Dr. Peck. Of course, one spectacular thing is the area of disturb- 
ance and strong ground shaking caused by that earthquake. 

Senator Gore. Well, that is because the rock is much denser in 
the Eastern part of the United States and the energy travels over a 
much farther distance. The combination of the enormous < 
involved in those three quakes and the underlying geology c 
the pattern that your graph shows there. 

And if you have a recurrence of a quake like that, with the ^* 
amount of construction and development that has taken place in -^^ 
the last 150 years or a little longer, then obviously you can see that '^- 
the amount of damage done is much larger than that which would -C^ 
accompany a quake in the Western United States. That really '^ 
argues for a little more attention being given to preparedness for ~« 
Eastern quakes. 

Church bells rang in Boston from that quake in New MEidrid. -' 

The pronunciation is New Madrid, and you have got to get that ^ 
straight. It is near Cairo, you know. 

Dr. Peck. Thank you, Senator. 

Senator Gore. Anyway, thank you for your response on that I 
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want to apologize for having to leave so soon after my questions. I ^ 

am deeply involved in this MX debate on the floor, and I hope that 
the chairman will forgive me for that. 

I am told that is rather commonplace over here on this side, to 
come in and go out. 

Senator Gorton. It is, and the chairman would like to get down 
there in time to read a brief statement. 

Senator GoaE. Well, I will be very brief nwself. 

Let me ask a question to Dr. Speck of FEMA. There was a 5-^ar 
program plan for the National Earthquake Heizard Reduction Pro- 
gram that was mandated to be given to the Congress in 1981. Why 
was the 5-year plan 4 years late? 

Mr. Speck. Mr. Chairman and members of the committee, I do 
not know that it was 5 years late in the sense that the request was 
in 1981 that it be developed, and I am not certain it was certain at 
that time exactly how long it would take. But there was certainly 
the desire that it get here a lot sooner than January 4, 1985. 

Senator Gore. No, no. It was due in 1981. 

Mr. Speck. The delay I think was a function of a number of 
things. First, to create a plan you had to conceptualize things thsft 
had never before been conceptualized. It was not simply pulling 
bits and pieces off the shelf and tacking them together and saying 
here is your plan. 
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It required looking at the state of methodol(^ for a risk e 
ment and a whole series of things to see where we were and where 
we needed to go in the development of that kind of plan. It re- 
quired the coordination of a number of Federal eigencies in that 
process. That was done, and then a national panel, a review panel, 
was selected and ask^ to look at it, and it took a number of 
months for them to also review it. 

They came back with essentially two levels of funding— a higher 
level and a lesser level. And as we looked at what we needed to do 
with that it took time to assimilate that. 

Senator Gore. Now everything you have talked about so far was 
completed in March 1983. What happened for the last 2 yeeirs? 

Mr. Speck. Well, I do not know that the completion of all ele- 
ments of the plem as a result of the obtaining the results of the 
review panel was completed at that timeframe. When I came on, at 
the very end of 1983, we were finalizing that. At that point we had 
to then give OMB an opportunity to look at the plan, and that was 
a fairly lengthy process as well. 

Senator Gobe. So OMB let it sit over there for 2 years basically? 
That is what happened then? 

Mr. Speck. No. You are putting words in my mouth that eire not 
accurate. 

Senator Gobe. Well, I am not trying to attribute those words to 
you. I am asking you whether or not OMB took 2 years to review 
It. 

Mr. Speck. The plan went to OMB in essentially mid-1984, the 
spring of 1984, as I recall, for review, and there was a good deal of 
discussion over a period of time in that r^ard. 

Senator Gobe. I thought the draft went to them in 1983. 

Mr. Speck. Not to my recollection, but I can check that out for 
you. 

Senator GoBE. I would appreciate that. 

Mr. Speck. I know I spent some time back eind forth trying to 
hurry that process up. And there was also finally getting everybody 
to write off on it. 

Senator Gore. Which of the earthquake experts at OMB re- 
viewed it? 

Mr. Speck. Mr. Chairman and Senator Gore, I am certain that 
OMB would be pleased to have the opportunity to respond to that. 

Senator Gore. I do not share your certainty, but let me move on. 
If you want to supplement that for the record, please do. I do not 
want to be impolite if you are not finished. 

[The following information was subsequently received for the 
record:] 

The Steinbrugge Panel formally submitted ita recommended Plan to FEMA on 
June 9, 1983, Following a thorough and coordinated review among the three other 
^incipal agencies assigned responsibilities under the National Earthquake Hazards 
Reduction Program (VS. Geolt^cal Survey. National Science Foundation and Na- 
tional Bureau of Standards), FEMA concurred in and provided to the Office of Man- 
agement and Budget for the first time the Steinbrugge version of the Plan in July 
1983. During the next 18 months, considerable interaction between OMB, FEIMA 
and the other three principal agencies was required to adjust the Steinbnirae ver- 
sion into a final Plan which e^ectively addresses the nation's earthquake hazard 
but within funding levels established by the Administration's deficit reduction ini- 
tiatives. This delay should not be r^arded as a lack of support for the National 
Earthquake Hazards Reduction Program (NEHRP), but rather a careful and deliber- 
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ate effort by the Administration to balance the importance of the nation's earth- 
quake hazard reduction activities against the overwhelming need to reduce the Fed- 
eral Budget deficit. 

Senator Gore. Now in 1984 FEMA and the National Academy of 
Sciences recommended further analysis of a fuU^cale earthquake 
testing facility. Haa that analysis been completed? 

Mr. Speck, We have received analysis on that, yes. I think there 
is additionEd work to be done, smd that is before the Policy Coordi- 
nating Committee of the NEHRD at this time. 

That issue was taken up at the last meeting and it is anticipated 
that it will be taken up again at the May meeting to determine 
whether or not it is appropriate to go ahead, because there are a 
number of issues involved. One of the issues obviously is whether it 
would be nice to have, whether there would be useful if not critical 
outputs from such a facility. 

The other issue is whether or not you can finance such a facility, 
whether there will be such a sufficient number of users to fund the 
very substantial overhead of such a facility. That was the issue 
rfiised at the last Policy Coordinating Committee. That is one that 
is being reviewed. 

That is one that is going to receive attention as a major item on 
the agenda at the next committee, because I think you find in a 
number of things where you make a capital investment and do not 
look carefully enough at the operating costs that is what is beii^ 
reviewed at this point. 

Senator Gohe. OK. Now the Center for Building Technology at 
NBS that the chairman asked about earlier contains the Govern- 
ment's top experts on the effect of earthquakes on manmade struc- 
tures. What assistance does the Center for Building Technology 
provide to FEMA in terms of help with model codes and help in 
judging the technical merit of contractor proposals submitted to 
FEMA? 

Mr. Speck. Mr. Chairman and Senator Gore, we have had a very 
close relationship with the NBS and the Center of Building Stand- 
ards has been under contract to FEMA to provide a number of 
services, to oversee the technical aspects of the ABE joint venture 
which I described in my testimony. As we look at lifelines to over- 
see the work of the Building Seismic Safety Council as it has been 
developing standards for non-Federal buildings, and to supervise 
the Interagency Coordinating Committee on Seismic Safety Con- 
struction for the mitigation work that they have been doing. 

Those would be some of the principal areas on which we have 
looked to the NBS to provide expertise. 

Senator Gore. Now it appears to me that FEMA's small earth- 
quake prc^am staff does not appear to have the same technical 
skills as the staff of the Center for Building Technologies. Am I 
correct on that? 

Mr. Speck. Mr. Chairman, in respect to this particular area of 
expertise, I think that is very true. 

Senator Gore. OK. So does this mean that if the Center for 
Building Technoli^y were abolished FEMA would have to contract 
out for the technicfd services now provided by the Center for Build- 
ing Technology? 
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M r. Sp bck. Ur. Ouurman and Senator Gore, I would anticipate 
that FEBIA would certainly have to contract out for a nugor part 
of thfne services. 

Senator Goke. What would that cost? Do you have any idea in 
terms (^ consulting fees and administrative costs to process the pa- 
perwork associated with consultants? 

Mr. Sfbck. Mr. C3iainnan and Senator Gore, I cannot give you a 
figure at this time. I think that we probably would be putting that 
out to bid, and it would be difiicult to project, I do not know that 
Goverrunent is necessarily any less costly when it provides a serv- 
ice. It might be fair that insofar aa cost is concerned we would be 
in the same ballpark. 

Senator Gchie. So we mi^t not save anything at all by eliminat- 
ing the Center for Building Technology? 

Well, Mr. Chairman, I have a number of other questions that I 
would like to submit in writing for the record, if these witnesses 
and the ones to follow would be kind enough to respond. In order 
to assist the pace of the hearing, I will just ask for those in writing. 
I appreciate your courte^. 

S^iator Gorton. Thank you. They will be submitted in writing. 
We also are notified that Senator Pressler has submitted some 
questions as weU. 

With that, I should like to thank all four of you for your enlight- 
ening testimony and for your help to the subcommittee. 

We will now hear from Mr. Fowler, the director of the Washing- 
ton State Department of Emergency Management, Eind Dr. Charles 
Lindbergh, of the Department of Qvil Enpneering, at the Citadel 
in Charleston. 

Mr. Fowler, your written statement, which is before us, will be 
printed in the record and you may proceed, and it would help us if 
you could summarize it. 

STATEMENTS OF HUGH F. FOWLER, DIRCTOR, WASHINGTON 
STATE DEPARTMENT OF EMERGENCY MANAGEMENT; AND DR. 
CHARLES LINDBERGH, DEPARTMENT OF CIVIL ENGINEERING, 
THE CITADEL. CHARLESTON, SC 

Mr. FowLEB. Thank you, Mr. Chairm£in. 

I am Hugh Fowler, director of the Washington State Department 
of Emergency Management. I appear before you today to support 
the National Earthquake Hazart^ Reduction Prc^am. 
The elements of the proposed prc^rEun are: 

One, to gather information needed to better understand the 
earthquake hazard in VEirious ares of our Nation; 

Two, to develop techniques to predict when and where earth- 
quakes will occur; 

Three, to develop a better understanding of the impact of 
ground motion on buildings and ways to lessen the impact; 

Four, to increase public awareness of earthquake hazards 
emd to encourage and assist local governments and the public 
to take appropriate preparedness and response actions; and 

Five, to conduct fundEunental studies in order to better un- 
derstfmd earthquakes causes and effects. 



4b-SS* O— 85— 



Digitizecoy Google 



78 

Each of the five program elements which eire included in the pro- 
posed pn^am will help reduce lose of life, injury, property 
damage, and economic impact that would result from a m^jor 
earthquake. 

As an emei^ency manager, my responsibilities rest primarily 
with element 4, which is pointed at increasing public awareness 
and promoting preparedness and response actions at the State and 
local level. Many States, including Washington, have adopted com- 
prehensive emergency management in recent years. Comprehen- 
sive emergency management comprises four phases — mitigation, 
preparedness, recovery, and response actions. 

From my point of view, the Earthquake Hazards Reduction Pro- 
gram contributes measurably and directly to the mitigation and 
preparedness phases. Continuation of the prograim will pay divi- 
dends in terms of preventing deaths and injuries and r^ucing 
damage or loss of property. 

Washington State has a history of frequency seismic activity. 
Since 1840 there have been over 1,000 earthquakes strong enou^ 
to be felt within the State. Fourteen were felt over a large part of 
the State. Most of these major earthquakes have occurred in the 
Pi^et Sound region, where 60 percent of the State's population 
lives. 

Below is a sheet that shows the concentration within the Puget 
Soimd area. Puget Sound's most recent damaging earthquakes oc- 
curred in 1949 and 1965. Seismic history and scientific evidence 
show that another msgor earthquake will occur. It is not a question 
of if, but, rather, when. 




A 1975 U.S. Geological Survey report titled "A Study of Earth- 
quake Losses in ^e Puget Sound, Washington, Area" projects that 
an eeu^hquake of 7.5 magnitude under the worst conditions could 
cause as many as 2,200 deaths and 8,700 iiyuries. Furthermore, it 
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is possible that over 23,000 people would be homeless and would re- 
quire temporeu-y shelter. Those figures, Mr. Chairman, are based 
on 1970 census data and would be somewhat higher based upon 
today's population. 

Since assuming my present responsibihties in 1981, I have been 
asked are the State and its local governments prepared to respond 
to such a catastrophe. And my answer has been no. A major earth- 
quake in the Puget Sound basin s imilar to the one in 1983 that oc- 
curred in southeastern Idaho is the most severe natural hazard we 
face in the State, from the standpoint of impact on people and 
property. 

In 1981, the State began pfu-ticipating in a federally funded 
earthquake preparedness progrfun administered by the Federeil 
Elmei^ency Maneigement Agency. Our accomplishments during the 
past 4 years include public and organizational awareness. This is 
really the first step to approaching and refiching what might be 
considered a full state of preparedness. 

You have got to inform people, industry, the public, the Govern- 
ment officials and so on that there is in fact a hazard, and we have 
made a great deal of headway in that area. 

Instilling earthquake awareness has been a continuous process. 
State and local o^cials, private agencies, and scientists and seis- 
mologists provide personal preparedness and technical information 
and conduct briefings whenever and wherever possible to people of 
all ages, walks of life, £ind employment. The amount of written ma- 
terial available such as technical papers, reports, books and infor- 
mational brochures and pamphlets from all the above enhances the 
ability of State and local government to increase awareness of the 
impact of earthquakes. 

We have also made headway in terms of planning, writing plans 
for such an event. We have a generic State plan that addresses the 
earthquake hazard as well as other types of hazards that we expe- 
rience. At the present time, we are concentrating on mass casualty 
planning, rect^nizing that there are so many things to be done 
that you can spread what resources that you liave too thin, and we 
feel that when this happens that the emergency response immedi- 
ately following the event is perhaps the most important — tj*lting 
care of the iqjured Euid the lifelines. 

Development is pn^ressing on triage procedures; critical/vital 
equipment and supphes for hospitals, morgues, and transportation. 
In addition criteria is being developed for selection and operation 
of alternate treatment sites. 

Increasing numbers of local governments and organizations, as 
well as those at the State level, are conducting earthquake exer- 
cises and training. The avEiilable earthquake data and increased 
awareness of the severity of this hazard has stimulated planning, 
exercising and training activities. 

Computer applications are being developed for use in determin- 
ing earthquake damage, vulnerability, preparing response plans, 
and exercise scenarios evaluating response and resource allocation 
decisions and researching mitigation strategies. 

Development of monitoring, prediction, and mitigation capabili- 
ties is pn^ressing. Earthquake monitoring is currently being done 
by 114 seismc^raph stations in Washington and northern Or^on. 
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Much of this equipment has been installed in recent years. Moni- 
toring and research activities are performed by the University of 
Washington and funded by the U.S. Geological Survey and U.S. De- 
partment of Energy. Analysis of this data provides timely informa- 
tion on earthquakes, as well as information to develop models of 
causes of earthquakes in the Pacific Northwest. This is valuable 
historical and risk analysis data. 

School earthquake prototype studies and education programs are 
being developed, and significant local actions have occurred to ad- 
dress the need for earthquake mitigation activities. I believe t^t 
Dr. Speck exhibited a product from that peulicular action. 

Public school districts are forming earthquake safety committees 
to determine appropriate policies, obtain safety equipment, sup- 
plies, and equipment for each school district building, and sugg^ 
appropriate staff and student training. And this is extremely im- 
portant too. 

The Washington State Legislature is presently considering two 
bills concerning seismic safety. One would establish seismic resist- 
ance codes for existing unreinforced masonry school buildings, and 
we have a number of those that were identified in the 1975 USGS 
study. 

The other piece of legislation would establish a State seismic 
safety commission similar to the State of California's, and I am 
particularly excited about this because in working with our legisla- 
ture it is a case of creating an awareness, stimulating em interest 
on really how bad this problem is. 

The fundii^ assistance received from FEMA in recent years has 
enabled my State to begin this vital preparedness effort, and I 
might say that without it we would not be nearly where we are. 
However, much more needs to be done before we can revert to a 
maintenance posture. 

In reviewing the fiscal year 1986 budget, I note that element 4, 
preparedness planning and hazard awareness, would receive 6 per- 
cent of the total funding, in other words a little over $4 million of 
the $69 million. Planning funds for the Puget Sound area would be 
reduced from $125,000 in fiscal year 1985 to $50,000 in fiscal year 
1986 under the proposal. The proposed amount is not adequate to 
perform those actions necessary to continue the initiative began 
during the past 4 years. 

In summaiy, Mr. Chairman, the earthquake hazard in Washing- 
ton State is the most serious natural threat we face. In view of the 
historical emd scientific evidence that a major earthquake will 
occur, much more is required to reach an acceptable level of pre- 
paredness to ensure the best possible response, 

A reduction in earthquake preparedness funds would virtually 
bring to a halt any significant efforts to prepare for earthquakes 
and minimize their impact. Without such preparation, response 
EUid recovery from a major earthquake would be monumental, with 
st^gerii^ Human and economic costs and losses. By necessity, 
most of the recovery costs would be borne by the Federiil Govern- 
ment. 

On the other hand, continuation of the Federal earthquake fund- 
ing at an adequate level will reduce loss of life, injury, and damage 
to property when a major earthquake occurs in my State. 
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That concludes my statement, Mr. Chairman. 

Senator Gorton. Thank you, Mr. Fowler. 

Dr. Lingbergh, your own Senator, who is a member of this com- 
3iittee, Senator Hollings, has asked that an opening statement be 
jicluded in the record, which it will be, and he has some questions 
which we will submit to you in writing. 

We have this monograph on your views, which will be included 
ji the record, and for which we thank you. I will accept such infor- 
mal comments as you would like to make. 

Dr. Lindbergh. Thank you very much. 

Senator Gorton. Why don't you get a little closer to that micro- 
phone, sir? 

Dr. Lindbergh. Mr. Chairman, it is my distinct privilege and 
pleasure, sir, to appear before this distinguished committee on 
behalf of our public in the Southeastern United States. I speak, sir, 
as the cochairmsm of the South Carolina Seismic Safety Consorti- 
um, and also the cochairman of the Southeastern United States 
Seismic Safety Consortium. 

With your permission, sir, I would like to with my testimony, 
written testimony, being accepted for the record, speak from the 
floor, sir. 

Senator Gorton. Fine. 

[Slides are shown] 

Dr. Lindbergh. 1 trust, sir, this is focused all right. 

As an overview, sir, I would just like to capsuUze our understand- 
ing of the seismic threat to the Southeastern United States, center- 
ing in particular on the great Charleston earthquakes, and 1 inten- 
tionally have used the plural of earthquake — I will later discuss 
the reason for that — overview the current state of total vulnerabil- 
ity of our region to the seismic threat; look at the seismic safety 
needs in our region; and examine certain oi^oing program initia- 
tives; and then conclude. 

We have already had, particularly by Senator Gore, good empha- 
sis placed on the differences between our Eastern and Western 
earthquakes. On the ones in the East, we know that when they 
occur they cause far more devitstation. They particularly would 
today with the greater population and industrialization of these re- 
gions. 

Second, we know, however, that they do occur less frequently 
than their Western counterparts. This essential difference is that 
which has strongly influenced the safety posture — the relative 
safety posture — between the Eastern and Western regions. It has 
led to complacency in the Southeastern United States, and it has 
^ed to the greater growth in seismic safety and technology in the 
Western regions. The principal results that today we are decfides 
9ehind our Western counterparts in regards to seismic safety pos- 
ture. 

Dr. Nuttli, one of our noted geophysicists, has illustrated very 
well the dramatic levels of destruction and lives lost that could 
cxxur due to the next great earthquake in the East. 

I would like to take you back, sir, to Charleston of 1886, if I may. 
The peninsula area of Charleston, bordered by the Cooper River 
and the Ashley River. 
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These are the isoseismales of the event, Charleston being here 
with a peak intensity of 10. The influence was felt as far as 800 
miles away, as was previously discussed. 

Walking through the city of Charleston. 

Unreinforced masonry buildings. Most of these are still in 
Charleston in a restored state. This is where in 1986, the U.S. 
Third Earthquake Bt^neering Conference will be held, in August 
of 1986, Hibernia Hall. 

A photograph of the Charleston Port Society building 2 days 
before the earthquake. 

And this was the postearthquake scene. 

East Bay Street. 

Homes were ravaged. Refugees from the feillii^ building debris. 

A typical home, with the walls dfun^ed. 

Now this building is much the same. But this is in technicolor, so 
obviously it was not in 1886. I went to Coalinga, CA, in May 2 
years a^o, and took these photographs. I quickly show them here 
just to show the great similarity in the hazards these unreinforced 
masonry buildings do face. 

I was very distraught to know that the center section of that city 
of over 10,000 people was damaged to the point that all of these 
reinforced buildings were being totally demolished. 

It was easy to see how this could be Charleston or some other 
eastern or southeastern city today. 

Now we come to the cause of still greater concern. As previously 
indicated by the U.S. Geological Survey, current — recent investiga- 
tions — I am speaking now of results that are no more than 30 days 
old— USGS field investigations around the Chsirleston area, funded 
by the U.S. Nuclear Regulatory Agency, have confirmed that there 
have been at least four great quakes prior to the 1886 event, not 
within the previous 50,000 or 100,000 years, but, according to their 
carbon 14 dating procedures, within the last 7,500 years. 

And these are just the ones that have been detected. We are sat> 
isfied that these results indicate that serious studies are now being 
conducted to the benefit of our communities in the Southeast. But 
we are concerned, too, because we see the threat now as even 
greater than we perceived it several months ago. 

The situation throughout the Southeast can be described very ac- 
curately, I believe, by this statement of the director of the our COG 
for the Berkeley/ Dorchester Counties in the Charleston area. He 
says: 

Personaliy, I believe that moat people in this r^on are aware of the fact that a 
major earthquake could occur at any time. I do not believe that they are aware of 
either the possible damages that could occur as a result of a m^or episode, or what 
may be done to mitigate the damages. 

That is true, sir, I believe, throughout much of the southeastern 
United States. 

Our baseline need is twofold. It is not only to achieve public 
policy but, more fundamentally, we need to establish in the East 
and Southeast in particular an adequate baseline of technology, 
knowledge, and capability among our engineers and technical com- 
munity. We have not participated in the growth of national tech- 
nology. Seismic technology, workshops, and references tranrferred 
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to our communities are not enou^. We have to be mgaged in the 

evolution of the technology. 

And until we establish this sensible technology base with the 
help of our colleagues in the Federal agencies and otiier national 
regions on the western coast, for example, we will never be able to 
adbieve the public policy that is so urgently needed today. 

What we are doing today? We have established our consortiums. 
South Carolina is the most active now, and it is serving as a proto- 
type for those in the other r^ons of the Southeast. We have ein ad 
hoc organization of the southeastern U.S. seismic safety consorti- 
ums, including representatives from Tennessee, Georgia, North 
Carolina, Virginia, and South Carolina, who are working collective- 
ly in the development of the South Carolina consortium so we can 
propagate and represent well — technically too — the interests of our 
public in the southeastern United States and grow sensible seismic 
safety policy. 

C^jectives of our consortium — safety policy, technical beise 
throughout the Southeast, and to see that the technology needs are 
met that are more unique to the Southeast. 

We also are looking at wind and the multihazard aspect. We 
have many hurricanes. This little cartoon I found very interesting 
in our local paper. 

The progremi plan. It all b^an, our current technolc^ aware- 
ness program, seismic safety prograim, with the first major engi- 
neering conference held in the eastern United States in Knozville, 
TN, in 1981. Our consortium organization was bom at that time 
under the great influence of Dr. Walter Hayes of the U.S. Geologi- 
cal Survey, a man whom we deeply respect.in our area for his com- 
petence and his dedication to his purpose. 

And then we are in this current phase now of transferring tech- 
nology and experience from primarily our western coast and Utah 
Mends and colleagues into our community. And then, ao we can 
advance into the formal State commissions throughout the South- 
east, seismic sensible codes and other benefits. 

We see here the schedule 1986, next year, of the U.S. Third Na- 
tional Earthquake Engineering Conference. This vrill be the first 
major engineering conference in South Carolina, and the first 
earthquake engineering conference. We hope at that time to be 
able to announce our South Carolina Seismic Safety Commission 
and also to adopt for the first time codes for the strengthening of 
existing reinforced buildings. 

These just list the transfer sessions that we have been going 
through, sir, and we have completed a seismic hazard risk assess- 
ment. We have had our colleagues in Utah and California come in 
and share with us lessons learned. We have just finished a Nation- 
al Science Foundation symposium on how to strengthen these ezist- 
it^; unreinforced masonry buildings. 

Now I would like to elaborate on the threat for 1 minute that 
came out of the first meeting. It shows that we are just not exposed 
and concerned about the great earthquakes. We are havii^ periodi- 
cally the smaller scale earthquakes, and these are our projections 
on what we should expect. 

This magnitude earthquake would cause damage to unreinforced 
buildings. This earthquake would cause damage to reinfon^ build- 
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ings. And, of course, this would cause widespread destruction — this 
being the 1886 event of Charleston. 

Now going to the third lesson and the conference we just held on 
the seismic retrofit of existing buildings, I would like to show in 
coitjunction with this an excerpt from a news broadcast hjr Gail 
Buckner which followed this conference on channel 2 in Charles- 
ton, SC. 

It illustrates very well our state of being in the southeast and, 
secondly, the means by which we intend to transfer technolt^y 
with the assistance of the Federal agencies Euid our sister States. 

This one in particular was supported by the National Science 
Foundation; and the ABK joint venture from Los Angeles. Our key- 
note speaker was Dr. Butcher of the National Science Founda- 
tion — great interface. And the other transfer colleagues are those 
listed, including Pat Burke from Seattle. We also had our regional 
engineers and students in attendance. 

Our objective is to take conference retrofit technology and trans- 
fer it into codes and effective methodology implementation. We 
hope to develop regionalized handbooks and design standards in 
the process. 

So at this point, sir; let me interrupt my slide presentation near 
its end and show you the television report. 

[A videotape was shown.] 

Thank you, sir. I have three slides left. 

Some observations we have made, sir; are these. First of all. 



grass roots involvement is very essential. That is the local engi- 
neers, for example. Early mitigation progress is very possible. In- 
creased attention by Federal agencies. We have noted a lot more 



attention being devoted to our r^on, and, of course, a lot more is 
necessary. 

Improving in-house FEMA capability. We notice that there is in- 
creeised capability within FEMA and we encoureige further growth, 
particularly of a technical capability. The ABE joint venture; we 
say a concern. The concern is not that it has been done. The con- 
cern, rather, is that it involve in a developmental way the south- 
eastern technicfd community. We do not wish to stand aside and 
have reports given to us one day. We wish to be involved in the 
technology growth period. 

And the Center for Building Technolc^. We state, sir; that there 
is a continuing need for that, as long as they are involved actively 
in the needs that we are talking about, working directly with our 
technical community. 

These program initiatives we have basically already talked 
about, sir. TThey lead to collectively to the establishment in our 
region of a technology base and, in concert with that to buildii^ 
codes and good, sound seismic safety policy. We are down in these 
two fundamental respects. We need major progress along those two 
avenues. Technolc^y and awareness increase and political, social 
and economic increase will lead to good, sound seismic safety 
policy. 

So, in conclusion, we have a very high seismic safety hazard. Our 
seismic safety remains ineffective today. There is limited impact by 
the national programs. To date, we have not been involved as we 
should have been. It is partly our fault, too. 
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A patient revolution has begun. We know our need. We know the 
danger and threat to our pubhc. We are going to do something 
about it, and we are confident we wili have the support of our Con- 
gress and the Federal agencies, and the considerable int^rated 
commitment of time and resources required. 

I am sure, sir, you know that more than anyone else. Thsmk you 
very much for your patience, sir. 

[The statem&nt follows:] 

diATBMXNT or Dr. Chablbs Lindbergh, Head, Drpabthbnt or Civil E!nginebring, 
The Cttadbl, CiiARLEffroN, SC 
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Senator Gobton. Thank you. Doctor. I have at this point one 

question for you. 

From your perspective as a civil engineer, can you comment on 
the usefulness of the National Bureau of Standards Center for 
Building Technology program in making buildings safer? Is it im- 
portant to you? 

Dr. Lindbergh. Sir, I have discussed this potential use with Dr. 
Leindecker and others at the center, and the basic response is we 
have not seen much in terms of direct interface with the center to 
this point. We do know they have been involved in very vital 
things, such as the strengthening of unreinforced masonry. 

We see this. We say we need them. We need them, however, to 
more directly interface with our regional efforts and engineers to 
help us int^^te better the many F^eral actions that are ongoing, 
to help us grow the codes that we need to evolve in the southeast. 
So we do need them, hut we need them to perform in a different 
way, at least from our perspective, sir. We need direct exposure. 

Senator Gobton. Thfink you. 

Hugh, bow effective are pn^rams to apply things learned in 
California to the Puget Sound eu%a, and how important is the Fed- 
eral involvement in the transfer of the technology? 

Mr. Fowler. I think that we are receiving a great deal of benefit 
from what is happening and what has happened in California. In 
the fall of 1983 there waa a nationsil earthquake conference held in 
Seattle, with quite a number of the people in attendance that are 
working on preparedness measures down there. I think the south- 
em Ceififomia earthquake preparedness project put on a very good 
presentation. 

Wherever possible we are interrelating and interacting with 
those people to the maximum extent. 

Senator Gorton. Do you do that directly or through Federal 
agencies? 

Mr. Fowler. We do it directly. We talk back and forth. In fact, I 
am plannii^ to send the person on my staff who works on earth- 
quake preparedness down to watch an exercise there shortly. 

Senator Gorton. Do the results of research conducted by the Ge- 
ological Survey and the National Science Foundation and the Na- 
tional Bureau of Standards reach the Washington State Depart- 
ment of Emergency Management quickly emd effectively? 

Mr. Fowler. I believe so, and I want to clarify my remarks. I am 
not in competition with them. I think the scientific and the ei^- 
neering studies that are set forth in the 5-year plan are necessary, and 
I do not want to leave an understanding that I do not believe that. 

We talk with the agencies quite often. We have what we call the 
Western States Seismic Policy Council, which is a group of about, I 
believe, 12 States in the West that meets periodically, and at each 
of those meetings the Bureau of Standards, USGS, National Sci- 
ence Foundation, and FBMA representatives attend, and it is a 
good network. It is very informal, but very valuable. 

Senator Gorton. Thank you both. Any additional questions we 
have in writing we will submit to you very promptly. I want to 
thank both of you for coming to this hearing and faring your 
knowledge and experience with us. 
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We are adjourned. 

[Whereupon, at 11:52 o'clock a.m., the subcommittee adjourned, 
to reconvene upon the call of the Chair.] 
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ADDITIONAL ARTICLES. LETTERS, AND STATEMENTS 

Statkmknt of James Davis, Stats Geologist, State of Caufoenia 

The following commentary outlines the efforts of the U.S. Geological Survey as 
part of the National Earthquake Hazards Reduction Program efforts within Califor- 
nia. Other state officials will have the opportunity to comment on the efforts of the 
Federal Einergency Management Agency and also the engineering efforts under this 
Act. 

Under the National Earthquake Hazard Reduction Act, the U.S. Geological 
Survey (USGS) maintains several important earthquake-related pn^rams which are 
important to California. These include r^onal monitoring of earthquakea, assess- 
ment of earthquake hazards, earthquake prediction experiments, volcanic hazards 
assessment and support of earthquake studies by non-Federal scientists. 

Regional Monitoring. — The USGS is making significant contributions which are 
important to the State scientific work on earthquakes which is also in progress. The 
USGS has pioneered the technology of computer processing r^onal monitoring net- 
work signals to locate the epicenter and depths of earthquakes within near real 
time. The State and other parties now have access to this technology. The USGS 
maintains over 500 seismograph stations in California. The Division of Mine* and 
Geology has arranged access to some of these signals. 

Hazards Assessment.— The USGS has undertaken delineation of earthquake haz- 
ards in several portions of the State. A very comprehensive evaluation of ground 
failure conditions, ground shaking and fault mapping has been synthesized in a Pro- 
fesaional Paper which will be released during 1985. 'Iliia work will be very helpful in 
hazard mitigation. 

Prediction Experiments. — The USGS has the unquestioned lead responsibility in 
earthquake prediction research in the scientific community. In California, this work 
includes geodetic networks on segments of the San Andreas fault to detect crustal 
strain. The regional monitoring network is important in efforts to detect foreshocks. 
At Parkfield, where a M 5\4 to 6 earthquake is anticipated during the next few 
years, the USGS has a comprehensive clust«r of instrumentation which in addition 
to geodetic measurement and seismic monitoring, also includes downhole strain 
measurements, creepmeters and tiltmeters. This work is extremely important be- 
cause of the refinement and improvement of the instrumentation and techniques 
applicable to ahort-term prediction, and to answer the scientific questions about the 
feasibOity of developing a short-term earthquake prediction (a lead time of hours to 
weeks). The State is working closely with the USGS at Parkfield. The State main- 
tains the strong motion instrument network at Parkfield. The State is coordinating 
with the USGS to oversee response to any short-tenn predictions which may derive 
from this experiment. 

Volcanic Hazards i^ssessment— The USGS has provided seismic monitoring in the 
Mammoth Lakes area which is important to assessment of the imminence of volcan- 
ic eruption. The State is also maintaining a specializing monitoring which is coordi- 
nated with the USGS effort to assure appropriate and timely advice is available on 
the hazard potential in the area. The USGS is also providing the geodetic and geo- 
chemical analyses which are important \o this comprehensive effort to predict any 
volcanic activity which may occur in the area. 

The Outside Funded Prx^ram for Hazard Assessment and Earthquake ReaearcK — 
The annual grants program of the USGS awards research support funding to Uni- 
veisity and non-Federal scientists on earthquake research which is pertinent to 
hazard reduction. This funding has made it feasible for a considerable amount of 
important research to be done which is having a significant influence on priorities 
for earthquake hazard reduction within the State. 

(109) 
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EIabthquakb Enoineering Research Instttute, 

Berkeley. CA, Manh U. 1985. 
Hon. SiADB Gorton, 

U.S. Senate, Subcommittee on Science, Technology and Space, 
i25 Hart Senate Office Building, Washington, DC. 

Dear Mr. Gorton; I am writing as President of the Earthquake EneineeriDg Re- 
search Institute (EERl) io support of reauthorization of the Nationar Earthquake 
Hazards Reduction Act of 1977. 

EERI IB a profeBBional society with over 1100 members concerned with earthquake 
hazard mitigation. Our members include architects, engineers, seismolc^ists, geolo- 
gists, buUding ofRcials and other local governmental officials, urban planners and 
other disdpULes. There are both practitioners and researchers in our membership. 
EERI is a national organization with members in most of the 50 states. (The fact 
that 1, as president, am from Massachusetts, is additional testimony to our national 
character.) 

I am sure that the accomplishments of the National Earthquake Hazards Reduc- 
tion Program have been spelled out for you in great detail. I will highlight only a 

Research has led to development and use of better and more economical struc- 
tures for resisting earthquake ground motions, such as the eccentrically braced 

There are much improved and better-tested methods for evaluating and strength- 
ening existing buildings. 

The private sector and governmental agencies at various levels have formed to- 
gether to develop public awareness and post-disaster plans. 

The earthquake hazard has been much better defined in many areas through seis- 
mological and geological studies. 

I could go on, but am confident that our people and commerce are measurably 
safer today than they were in 1977. 

At the same time much still remains to be done in all aspects of the problem. 
These continuing needs are documented in the 5-year plan submitted to Congress by 
the Federal Emergency Management Agency. This is, in general, a good plan. It is 
at the same time a minimum plan; several times the proposed amount could be 
spent e^iciently so as to move as rapidly as possible toward a minimization of the 
earthquake hazard, I also feel it is unfortunate that the Center for Building Tech- 
nolt^ at the National Bureau of Standards is eliminated from the plan; they have 
some unique and very important experimental facilities plus valuable expertise in 
assisting code writing groups. However, at least this minimum plan must go forward 
in order to continue progress toward improved public safety, to [irotect our national 
security and to prevent further deterioration of the competitive position of the 
American construction industry in international markets. 
Sincerely yours, 

RoBBRT V. Whitman, President 



Seismic Safetv Comhisbion, 
Sacramento, CA, March IS, 1985. 
Hon. Slade Gorton. 

Committee on Commerce, Science and Technology, 
United Slates Senate. SH i27, Washington. DC 

Dear Senator Gorton: I am writing on behalf of the California Seismic Safety 
Commission to request authorization of the National Earthquake Hazards Reduction 
Act of 1977 and funding of the program at the levels recommended in the Five-Year 
Plan prepared by the Federal Ehnergency Management Agency. 

'Hie Seismic Safety Commission is an independent Commission established to 
advise the Governor and Legislature on earthquake safety policy. The Conuniasion 
establishes state goEils and priorities in earthquake safety and preparedness, gath- 
ers, analyzes ana disseminates information, encourages research and its applica- 
tions, and recommends needed legislation. The Commission's charge and ten years 
experience places it in a unique position relative to the National Earthquake Haz- 
ards Reduction Program. 

The earthquake problem is unusual in that the effects of a great earthquake may 
be catastrophic, yet the interval between such events is relatively long. The problei 
■ * ■' :>mplica ' ' .... ... . . 



is further complicated because the location and time of occurrence of such events 
cannot be predetermined at the present time. It is generally believed that a large 
earthquake is likely to occur in Califomia with the next 30 years, but hiMorically. 
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some of the largest events have occurred outside of California; for example in New 
Madrid, Charleston, and Anchorage. The problem of seismic safety has become criti- 
cal to the national economy and security aa a result of the growing concentration of 
population and economic base within the seismically active areas in the country. 
For example, much of the nations high technology industry is located in r^ons of 
known high seismicity. 

As a consequence of the National Earthquake Hazards Reduction Act, significant 
strides have been made in reducing the earthquake hazard. However, much remains 
to be done. The State of California has worked closely with the different agencies 
involved in the federal program and we believe that this cooperation has multiplied 
the effectiveness of the program. The State is working with the Federal Emergency 
Management Agency in the development of earthquake preparedness programs for 
both southern California (the SCEPP Project) and the Bay Area (the BAREPP 
Project), The State also works with the U.S. Geological Survey in the measurement 
and interpretation of seismic data. The establislunent of a major stated funded 
strong motion measurement program has allowed the U.S. Geological Survey to 
devote a great portion of its resources for this activity outside of California. In addi' 
tion, the State draws heavily on the results of research conducted and supported by 
the U.S. Geological Survey by members and research groupe funded by the Nationcd 
Science Foundation. This research is of critical importance in mitigating the results 
of earthquakes. It is only through such research that we will achieve any significant 
advances in our understanding of the earthquake process, the behavior of manmade 
structures, and the socio-economic factors involved. Reducii^ either the U.S. Geolog- 
ical Survey or National Science Foundation programs would have very serious nega- 
tive consequences. 

The National Earthquake Hazards Reduction Program provides a coherent ap- 
proach to earthquake hazard reduction and a minimal level of federal support for 
this important national problem. Funding through the program supports vital, re- 
sults-oriented efforts needed to address earthquake hazards. The continuation of a 
well managed and balanced the program is absolutely essential if we are to mimize 
the social and economic impact of mtyor earthquakes in the United States. 

We thank you for your consideration and respectfully submit this letter as part of 
your committee's record. 
Very truly yours, 

Bruce A. Bolt. Chairman. 
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